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Studies on the cell-mediated immune response 
of the gut-associated lymphoid tissue (GALT) in poultry 
Pawan Kumar Agrawal 
Major Professor: Don Reynolds 
Iowa State University 
A colorimetric blastogenesis assay employing MTT, (3-[4,5-Dimethylthiazole-2-yl], 2-5-
diphenyltetrazolium bromide), was used to evaluate the mitogenic response of intestinal 
intraepithelial lymphocytes (i-IEL) of chickens and turkeys. The results from this study indicated 
that T cell mitogens, concanavalin A (Con A) and phytohemagglutinin-P (PHA-P), induced 
mitogenic stimulation in i-EEL of chickens. Although stimulation index (SI) values of both i-IEL 
and peripheral blood lymphocytes (PBL) were roughly similar, the optical densities (OD) of i-
lEL cultures containing Con A or PHA-P were 20-50 times lower than the OD of PBL cultures 
containing the same mitogen. Lipopoiysaccharide (LPS) induced a mitogenic response in PBL, 
but unable to induce mitogenic response in i-IEL. The responsive concentration of Con A for 
chicken i-IEL was found to be within the range of 25-50 ng/ml, whereas the responsive 
concentration of PHA-P for chicken i-IEL was found to be 50 jig/ml. Three days of incubation 
was found to be adequate to induce a significant (P < 0.05) mitogenic response for both T cell 
mitogens. 
The mitogenic response of turkey i-IEL and PBL to the three mitogens examined were 
found to be similar to mitogenic responses observed in chicken i-IEL and PBL. The i-IEL and 
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PBL of turkeys responded to T cell mitogens, Con A and PHA-P, in every age group examined. 
There was an increase in mitogenic response of i-EEL to both T cell mitogens from 1 day of age 
to 1 week of age, whereas there was a significant decline in mitogenic response of PBL to all 
3 mitogens from 1 day of age to 3 days of age. 
The immunosuppressive effects induced by infectious bursal disease virus (IBDV) on 
the local intestinal lymphocyte in chickens were evaluated by using the MTT colorimetric assay. 
The effects of a highly pathogenic challenge (STC) strain and a vaccine strain of IBDV were 
also compared. The results from this study suggested that neither vaccine strain nor STC strain 
of IBDV induced suppression of i-IEL response to T cell mitogens. Both vaccine and STC 
strains of IBDV induced a significantly lower PBL response to LPS and bursal atrophy when 
compared to negative control birds. 
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GENERAL INTRODUCTION 
Oral route of vaccine administration has been considered as an effective and economic 
method of immunization against various infectious diseases of poultry. Oral administration of 
antigens can induce immune response in the gut-associated lymphoid tissue (GALT) and other 
mucosa-associated lymphoid tissues (McGhee et al., 1992; Pabst, 1987). In addition to humoral 
immune response, oral administration of an antigen can also induce local cell-mediated immune 
(CMI) response within the intestinal tract which is represented by MHC class I restricted cellular 
cytotoxicity, antibody dependent cell-mediated cytotoxicity (ADCC), and natural killer (NK) cell 
activity (Chai and Lillehoj, 1988; McGhee e/a/., 1992; Pabst, 1987). Mucosal immunity including 
antigen specific secretory immunoglobulin A (sIgA) and eflFector T cells play a very important role 
in the prevention and control of microbial infection in the gastrointestinal (GI) tract (Lillehoj, 
1991; Lillehoj, 1993; McGhee et al., 1992). Therefore, besides its digestive and absorptive 
functions, the GI tract is an important part of the immune system. 
Intestinal intraepithelial lymphocytes (i-IEL) are unique populations of intestinal 
lymphocytes, usually found along the basement membrane of the small intestines (Schat and 
Myers, 1991). The i-IEL are mainly T lymphocytes, but they differ in their pattern of receptor 
expression, fijnctional activities and developmental origin from T cells in other lymphoid 
compartments (Schat and Myers 1991). The CD3"^, CD4", CD8"^ T cells are a major subset of i-
lEL which contains both yb and ap T cell receptors (Bucy et al., 1988; Goodman and 
Lefrancois, 1988). Although i-IEL are anatomically positioned to be the first line of cellular 
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defense against enteric pathogens, the true functions of y 6 i-IEL are not fully understood. Cell-
mediated responses such as cytotoxic (Ernst et al, 1986; Goodman and Lefrancois, 1988; Viney 
et al, 1990), NK ( Chai and Lillehoj, 1988; Petit et al., 1985;), antibacterial (Lefrancois and 
Goodman, 1989), mucosal immunosurveillance (Janeway etal, 1988), and immunoregulatory 
(Fujihashi et al, 1990) activities of i-IEL have been suggested. 
Although there are numerous reports on the NK cell activities of chicken i-IEL (Chai and 
Lillehoj 1988; Lillehoj 1989; Myers and Schat 1990), reports on the lymphoproliferative response 
of chicken i-IEL, which is considered to be a measurement of T cell activity, have been very 
limited (Amaud-Battendier et al, 1980). There are no reported studies on the CMI response of 
i-DEL in turkeys. Since development of the CMI response in the intestinal tract is very important 
in birds (Chai and Lillehoj, 1988; McGhee et al, 1992), the study and characterization of the 
intestinal CMI response may prove useful in better understanding the immune response to oral 
vaccines and enteric infections. 
Infectious bursal disease (IBD) is a highly contagious immunosuppressive disease of 
chickens. IBD virus (IBDV) has been shown to effect the humoral and systemic CMI response 
(Allan e? a/., 1984; Confer e/a/. 1981; Faragher 1974; Panigrahy e/a/. 1982; Sivanandan 
and Maheswaran, 1981). Studies in bursectomized and nonbursectomized chickens have shown 
that following oral inoculation, initial viral replication occurs in the GALT (Kaufer and Weiss, 
1980). IBDV has been detected in the lymphoid cells and macrophages of the intestine within 4-5 
hours after oral exposure (Muller, 1986; Muller et al, 1979). Although immunosuppressive 
effects of IBDV on the humoral and systemic CMI responses have been studied, there are no 
reported studies on the immunosuppressive effects of IBDV on the lymphocytes of the GI tract. 
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Objectives of Dissertation Research 
The primary purpose of this research was to study the CMT response of i-IEL in poultry. 
The specific objectives of this study were to: (i) develop a colorimetric blastogenic microassay 
to evaluate the mitogenic response of chicken and turkey i-IEL to T and B cell mitogens and 
investigate the possible relationships between i-IEL and peripheral blood lymphocytes (PBL) 
response, (ii) study and compare the mitogenic response of i-IEL in various age groups of 
turkeys, and examine possible relationships between local intestinal and systemic CMI response, 
and (iii) study the immunosuppressive effects of IBDV on chicken i-EEL and examine the 
potential relationships between mitogenic response of i-IEL, PBL and bursa-weight to body-
weight (BB) ratio in chickens inoculated with IBDV. 
Dissertation Organization 
This dissertation consists of three manuscripts which are preceded by General 
Introduction and Literature Review sections and followed by General Summary, Literature Cited 
and Acknowledgements sections. The literature cited in the General Introduction, Literature 
Review and General Summary are listed in the Literature Cited section. The format of each 
manuscript is that of the Avian Diseases and includes a summary, introduction, materials and 
methods, results, discussion, references, and acknowledgements. Data and results of the statistical 
analysis for each study are appended at the end of each manuscript. The Ph. D. candidate, Pawan 
Kumar Agrawal, is the senior author and principal investigator for all three manuscripts. 
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LITERATURE REVIEW 
Mucosal Immune System 
Mucosal membranes are the most common portal of entry of pathogenic 
microorganisms. The host defense mechanisms at the mucosal surface prevent tissue invasion 
by minimizing the contact between microorganisms and the epithelium. This is achieved by a 
combination of mechanical, innate and specific immune functions. The mechanical factors 
include the flow of secretion, ciliary movement and peristalsis. The innate factors include 
molecules with antimicrobial activities such as lysozyme, lactoferrin, peroxidase and 
oligosaccharides. Specific immune responses include specific secretory antibodies and cell-
mediated immune responses (Hanson and Brandtzaeg, 1989; Newby and Stokes, 1984). 
Dispersed aggregates of nonencapsulated lymphoid tissue are frequently found in a 
variety of organs, especially in the mucous membranes of the gastrointestinal, respiratory and 
genitourinary tracts (Bienenstock and Beflis, 1984; McGhee et al., 1992; Pabst, 1987). These 
lymphoid structures are known as mucosa-associated lymphoid tissue (MALT) (Bienenstock 
and Befijs, 1984; Mesteckey and McGhee, 1987; McGhee et al., 1989; Hanson and Brandtzaeg, 
1989; Robertson and Cebra, 1976; Montgomery et al., 1983). 
Studies on bronchus-associated lymphoid tissue (BALT) and gut-associated lymphoid 
tissue (GALT) have shown that lymphoepithelium of BALT has selective antigen uptake 
characteristics similar to the lymphoepithelium of GALT and follicle-associated epithelium of 
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the bursa of Fabricius (Bienenstock et al., 1973a; Bienenstock et al., 1973b). Gut lumenal 
antigens are selectively taken up by microfold (M) cells in the Peyer's patches (PP) and 
presented to IgA precursor B cells. The PP have shown to be major inductive sites for IgA 
immune responses. The antigen sensitized B cells migrate to various mucosal tissues including 
the lamina propria of the gastrointestinal, upper respiratory, and genitourinary tracts, and 
salivary, lacrimal and mammary glands (Hanson and Brandtzaeg, 1989; Scicchitano et al., 1988; 
Phillips-Quagliata and Lamm, 1988). At these sites, IgA-committed B cells terminally 
differentiated into IgA-producing plasma cells and secrete antibodies with specificity to the 
antigen first encountered in the PP (Gregory and AJlansmith, 1987; Keren et al., 1982). Similar 
events have also been reported in the BALT (Rudzik et al. , 1975). Bienenstock and Beflis 
(1984) have also reported that the BALT in the upper respiratory tract possess IgA precursors 
capable of seeding the lamina propria region of the gastrointestinal tract and upper respiratory 
tract with IgA. The migration of antigen-sensitized B and T cells to mucosal surfaces at 
multiple sites has lead to the concept of a common mucosal immune system (Bienenstock, 1974; 
Bienenstock et al., 1979; McDermott, 1979; Hanson and Brandtzaeg, 1989; Scicchitano et al., 
1988; Phillips-Quagliata and Lamm, 1988). 
Presence of secretory immunoglobulin A (sIgA) at the mucosal surface along the 
gastrointestinal, respiratory and genitourinary tracts is considered to provide a first line of 
defense against microbial infections (Boedeker et a!., 1987; Stokes et al., 1975). Besides sIgA, 
cell-mediated immune responses including MHC restricted cellular cytotoxicity, natural killer 
(NK) cell activity and antibody-dependent cell-mediated cytotoxicity have also been reported 
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to play an important role in the mucosal immunity against pathogenic microorganisms (Chai and 
Lillehoj, 1988; McGhee et al., 1992; Pabst, 1987). 
Secretory IgA is composed of two or more molecules of monomeric IgA, secretory 
component (SC) and a polypeptide joining (J) chain (Iwase et al., 1987). Mammalian sIgA exists 
primarily as a dimer, however, chicken and turkey sIgA are usually trimers or tetramers (Solari 
and Kraehenbutal, 1985; Kobayashi and Hirai 1980; Peppard et al., 1986). The predominant 
immunoglobulin in the external secretion is sIgA (Lebacq-Verheyden et al., 1972; Tomasi et al., 
1965) and its role in protection against certain pathogens has been established (Gregory and 
Allansmith, 1987; Tomasi et al., 1965). The major role of the sIgA is to prevent colonization 
of the intestinal tract by pathogenic organisms by blocking adhesion to the mucosal epithelium 
(McClelland et al., 1972; Williams and Gibbons, 1972; Parry and Porter, 1978) and by reducing 
absorption of antigens by the intestine (Walker et al., 1972; Andre et al., 1974; Stokes, 1975). 
The secretory immune system can be stimulated and act independently of the systemic 
immune system (Tomasi et al,, 1965; Challacombe, 1987). It has been shown that depending on 
the type of the antigen, the dose and the frequency of administration, the immune response can 
vary between a state of tolerance (Jeurissen et al., 1987; Kagnoff, 1978a; KagnofF, 1978b) and 
extensive humoral and cellular reactivity (Asherson et al., 1977; Weisz-Carrington et al., 1979; 
Russell-Jones and Aizpurua, 1987). The sensitization of mucosal lymphocytes induces the 
generation of local IgA immune response while, simultaneously suppresses the serum IgG and 
IgE responses by sensitizing IgG and IgE suppressor cells (Pvussell-Jones and Aizpurua, 1987). 
Mestecky and McGhee (1987) have shown that ingestion of an oral cholera vaccine induced 
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specific IgA antibodies in saliva and tears but not in serum. A number of immunostimulants or 
antigen delivery vehicles including liposomes (Reddy et al., 1992), block copolymers 
(Fernandez, 1993), lipid A (Schneersen et al., 1991), saponin (Claarson and Osterhaus 1992), 
muramyl dipeptide (Kaji et al., 1992), enterotoxins (Elson and Eaeding, 1984; Nashar et al., 
1993), viral and bacterial vectors (Doggett and Curtiss, 1992; Charlton et al., 1992) and 
biodegradable microsphere (Offit et al. 1994; Eldridge et al., 1991) have been used to enhance 
the circulatory and mucosal immunity against various pathogenic microorganisms. 
The ability of an individual to synthesize protective antibodies, not only at the site of 
invasion but also throughout the body, has great importance and has been studied extensively 
(Gregory and Allansmith, 1987; Brown, 1982; Husband 1985). Since the majority of infectious 
microorganisms are encountered through mucosal surfaces, the induction of humoral and cell-
mediated immune responses at these sites have been considered to be very important (McGhee 
et al., 1992; Husband, 1993). Oral vaccination has also been considered as the most practical 
and safe approach for inducing IgA antibody responses in external secretions which are 
protective against a variety of mucosal pathogens (Holmgren et al., 1992; Lillehoj, 1993; 
Lillehoj and Trout, 1993; McGhee et al., 1992; McGhee et al., 1993; Katz et al., 1987; Newby 
and Stokes, 1984) 
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Gut-Associated Lymphoid Tissue 
The gastrointestinal tract is a major portal of entry for many pathogens and a common 
route for vaccination in poultry. In addition to the mechanical and chemical barriers of the 
nonimmunologic defense system within the gastrointestinal tract, there is an effective 
immunological barrier composed of aggregated and nonaggregated lymphoid cells. These 
lymphoid structures in the gastrointestinal tract are known as gut-associated lymphoid tissue 
(GALT). Oral administration of antigens can induce immune response in the GALT as well as 
in other mucosa-associated lymphoid tissues (McGhee et ai, 1992; Pabst, 1987). Therefore, 
besides its digestive and absorptive functions, the gastrointestinal tract also plays an important 
role in immune responses. The GALT in chickens include the bursa of Fabricius, cecal tonsils, 
Peyer's patches, Meckel's diverticulum and a large number of lymphocytes in the epithelium 
(intraepithelial lymphocytes; lEL) and lamina propria (lamina propria lymphocytes; LPL) of the 
intestinal tract. 
The bursa of Fabricius is located at the distal end of the intestine and serves as the 
primary lymphoid organ for B lymphocyte development in birds. It is a unique structure 
consisting of a hollow tissue pouch containing hundreds of lymphoid follicles. The bursal duct 
provides direct communication between the bursal lumen and intestinal lumen which permits the 
sampling of the intestinal content. Due to its antigen sampling flinctions from the intestine, the 
bursa of Fabricius has also been considered as a part of the GALT. 
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The cecal tonsils are located at the base of the proximal ends of the caeca. The general 
structure of cecal tonsils are comparable to the structure of PP. Particulate materials 
administered through oral or cloacal route can be detected in the cecal tonsils which suggests 
the antigen sampling fijnction of the cecal tonsils. Germinal centers and plasma cells producing 
immunoglobulin (Ig) M, IgG, and IgA have been demonstrated in the cecal tonsils (Jeurissen 
et ah, 1989). Presence of additional lymphoid aggregates distal to the cecal tonsils have also 
been reported in chickens (Del Cacho et al, 1993). Meckel's diverticulum is a remnant of the 
yolk sac attached to the small intestine. Germinal centers and B lymphocytes have also been 
detected in the Meckel's diverticulum (Olah et ai, 1984; Jeurissen et al, 1988), but no clear 
immunological role has been demonstrated for this tissue. As chickens do not possess 
encapsulated lymph nodes, as found in mammals, these loosely organized lymphoid tissues have 
been suggested to play an important role in the local immune response (Gallego et al., 1986). 
The histological structures and number of Payer's patches in chickens are not as well 
developed as in the mammals. Histological and functional characteristics of chicken PP have 
been described by Befus etal (1980), and Burns (1982). They found the chicken's PP roughly 
comparable to the mammalian PP containing mostly CDS'" €04"^ CD8' and aP TCR^ T 
lymphocytes, B lymphocytes, and plasma cells. Up to 6 PP have been reported in young 
chickens while only one has been found in the adult chicken (Befus et al, 1980). However, 
Fichtelius et al (1968), and Lefrancois (1991) failed to identify true PP in chickens. 
LPL can be found throughout the intestine. LPL are rich in both B and T lymphocytes 
whereas intestinal lEL are mainly T lymphocytes. B cells and plasma cells in the lamina propria 
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are positive for IgM and IgA antibodies (Jeurissen et ah, 1989). Majority of T cells in the 
lamina propria are CD3^ CD4^ CDS' and aP TCR2^ T cells. Secretory IgA (sIgA) is the 
predominant immunoglobulin found in bile and intestinal fluids. The PP and LPL are considered 
to be the major sources for the sIgA response to ingested antigens in the gastrointestinal tract 
(Dharakul etal., 1988; Lillehoj, 1991). 
Intraepithelial Lymphocytes 
In addition to a sIgA response, oral administration of an antigen can also induce local 
cell-mediated immune response in the intestinal tract which is represented by MHC class I 
restricted cellular cytotoxicity, antibody dependent cell-mediated cytotoxicity (ADCC) and 
natural killer (NK) cell activity (Chai and Lillehoj, 1988; McGhee et al, 1992; Pabst, 1987). 
Intestinal lEL (i-IEL) are a unique population of intestinal lymphocytes v/hich have been 
considered to play an important role in the resistance to infection through cell-mediated 
immunity at the mucosal layers of the gastrointestinal tract (Chai and Lillehoj, 1988; McGhee 
et al, 1992). i-IEL are usually found along the basement membrane of the intestinal tract 
(Schat and Myers, 1991). i-IEL form a major immunological compartment, estimated to contain 
at least as many T cells as are present in the spleen (Klein and Mosley, 1993). The i-IEL are 
strategically located within the gastrointestinal tract to aid the host against foreign antigens. 
Mucosal immunity, including both antigen specific sIgA antibodies and effector T cells, play 
essential roles for the prevention and control of microbial infections in the gastrointestinal tract 
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(Lillehoj, 1991;Lillehoj, 1993). 
The i-IEL are mainly T lymphocytes, but they differ in their pattern of receptor 
expression, fijnctional activities and developmental origin from T cells in other lymphoid 
compartments. The use of monoclonal antibodies (mAb) for T cell surface antigens, such as 
CDS (the invariant portion of the T cell receptor), CD4 (present on T helper/inducer cells) and 
CDS (present on T cytotoxic/suppressor cells), revealed 4 distinct subsets of T cells in i-IEL 
including, CD3^ CD4", CDS'" (about 75%), CDS'", CD4^ CDS' (about 7.5%), CD3^ CD4', 
CDS" (double negative; 10%) and CD3^ CD4'^, CDS^ (double positive; 7.5%) (Taguchi et al., 
1991). The i-IEL were flirther separated according to their expression of T cell receptors (TCR) 
such as a P (TCR2) or y S (TCRl) bearing T cells. In mice 50-60% of CD3^ T cells in i-EEL 
express the TCR composed of y S chains. The CD3^ CD4' CDS^ T cells are a major subset of 
i-IEL which contain both y6 (45-65%) and a P (35-45%) T cell receptors (Bucy et al. 1988; 
Goodman and Lefrancois, 1988). T cells expressing the yS T cell receptors are quite rare in the 
peripheral lymphoid tissues, but relatively abundant in the intraepithelial lymphocytes of the 
intestine, epidermis and uterus in mice (Goodman and Lefrancois, 1988; Bonneville et al., 1988; 
Itohara et al., 1990). The thymus plays an essential role in the differentiation of T lymphocytes 
from precursors as well as in the determination of mature T cell repertoires. Conflicting results 
have been reported about the origin of y6 TCR^ i-IEL. Mayrhofer and Whately (1983), 
Ferguson and Parrott (1972), Guy-Grand et al. (1991), Bandeira et al. (1991) and Poussier and 
Julius (1994) have suggested that most of the y 6 TCR^ i-IEL are generated at extrathymic 
sites. Their studies suggest that the T cells in the intestinal epithelium migrate directly from the 
12 
bone marrow, however, others (Dunon et al., 1993) have reported that the thymus is the major 
source of the 76 T cells of the intestinal epithelium. Poussier and Julius (1994) reported that 
the intestinal epithelium serves as a site of T cell development and selection. Migration of 
lymphocytes from one compartment to another compartment has been described in 
gastrointestinal tract (Regoli et al., 1994) and respiratory tract (Pabst and Binns, 1995). 
Age-related changes in the composition of T lymphocyte subpopulation in the intestinal 
epithelium have been reported. Takimoto et al. (1992) have characterized the i-IEL in rats with 
different genetic background and different ages and found an age-related increase in the number 
of €04"^ and CDS"*^ i-IEL irrespective of their genetic background. Postnatal development of 
intestinal T lymphocytes in chickens have been studied by Lillehoj and Chung (1992). In this 
study, it was indicated that an age-related change in the composition of T lymphocyte 
subpopulations occurred in the intestinal tract of the chicken. 
The distinctive characteristics of i-IEL suggest a selective homing or retention 
mechanism for lymphocytes in the intestinal epithelium. Members of the integrin protein family 
have been identified in humans and mice and have been reported to be involved in the specific 
homing, retention and adhesion of i-IEL in the intestinal epithelium. A multimolecular complex, 
similar to integrin, has also been identified in chickens (Haury et al., 1993). 
Although i-IEL are anatomically positioned to be the first line of cellular defense against 
enteric pathogens, the true functions of yS i-IEL are not fully understood. Cell-mediated 
responses such as, cytotoxic (Ernst et a!., 1986; Goodman and Lefrancois, 1988; Viney et a!., 
1990), NK (Petit et al, 1985; Chai and Lillehoj, 1988), antibacterial (Lefrancois and Goodman, 
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1989), mucosal immunosurveillance (Janeway et al, 1988; Sakai et al., 1995), and 
immunoregulatory (Fujihashi etal., 1990) activities of i-IEL have also been suggested. Although 
not all findings concerning the proliferative responsiveness of i-EL to T cell mitogens have been 
in agreement, numerous studies have indicated that i-IEL can respond to specific (antigenic) or 
nonspecific (mitogenic) stimuli. It has been shown that i-IEL can proliferate and release 
lymphokines in response to mitogens in vitro (Dillon and McDonald, 1984; Wilson et al., 1986; 
Ishikawa et al, 1993), are capable of recognizing alloantigen in in vitro assays (Dillon and 
McDonald, 1984), are capable of mixed lymphocyte reactions (Dillon and McDonald, 1984) 
and can release lymphokines in response to nematode antigens following enteric nematode 
infections (Guy-Grand et al., 1984; Dillon et al., 1986). Arnaud-Battandier et al (1978) 
compared the spontaneous cell-mediated cytotoxicity (SCMC), mitogen-induced cellular 
cytotoxicity (MICC) and ADCC of guinea pig mesenteric lymph nodes, Peyer's patches, 
intraepithelial, and lamina propria lymphocytes. They found that guinea pig i-IEL were capable 
of mediating MICC, SCMC and ADCC and concluded that i-IEL possess cytotoxic effector cell 
activity. 
Species specific differences in the proliferative response of i-IEL have been reported. 
Wilson et al (1986) have reported that porcine i-IEL respond strongly to T cell mitogens, 
phytohemagglutinin (PHA), concanavalin A (Con A) and pokeweed mitogen (PWM). In 
contrast, low or no proliferative response of i-IEL to T cell mitogens has been reported in mice 
(Sydora et al, 1993) and chickens (Arnaud-Battendier, 1980). Several workers have used 
accessory factors such as adherent splenic cells (Mowat el al, 1986), interleukin-2 (Mowat et 
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al., 1986), sheep red blood cells (Ebert et a!., 1986), phorbol ester, and calcium ionophore 
(Mowat et al., 1989) in order to induce higher proliferative responsiveness of i-IEL to T cell 
mitogens. Dillon and MacDonald (1984) have suggested that higher proliferative responses can 
be achieved by culturing i-IEL at higher densities. 
London et al. (1989) have demonstrated the generation of reovirus specific, MHC 
restricted cytotoxic activity in murine i-IEL. Carman et al. (1986) have demonstrated the NK 
cell activity of i-IEL against coronavirus infected gut epithelium in mice. The role of chicken 
i-IEL in anticoccidial resistance has also been described (Lillehoj, 1989; Lillehoj, 1991). The NK 
cell cytotoxicity of chicken i-EEL against chicken tumor cells has been demonstrated by Chai and 
Lillehoj (1988). Myers and Schat (1990b) have demonstrated the NK cell activity of chicken i-
lEL against rotavirus-infected target cells. In this study, it was suggested that NK cell activity 
of i-IEL may be an important immune response to rotavirus infection in vivo. The results fi'om 
Chai and Lillehoj's study (1988) revealed the NK cell activity of chicken i-IEL against tumor 
cells was greater in the jejunum than in the duodenum. However, Myers and Schat (1990b) did 
not observe any difference in NK cell activity of chicken i-IEL collected from the duodenum or 
the jejunum. 
Various techniques to isolate i-lEL using mechanical (Rudzik and Bienenstock, 1974; 
Goodacree/a/., 1979; Arnaud-Battendier e/a/., 1980), enzymatic (Bull and Bookman, 1977) 
and chemical (Chai and Lillehoj, 1988) procedures have been described. Purification of i-IEL 
has been achieved by using various density gradient reagents such as Percoll (Chai and Lillehoj, 
1988), and Ficoll-Hypaque (Bull and Bookman, 1977; Arnaud-Battendier, 1980). A series of 
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siliconized stainless steel screens and glass bead columns (Goodacre et al., 1979) have also been 
used to isolate and purify i-IEL. It has been shown that multiple filtration through nylon wool 
columns provides a higher concentration of viable i-IEL (Mosley and Klein, 1992). Chai and 
Lillehoj (1988) emphasized that the retention of cytotoxic activity of i-IEL was critically 
dependent on the expeditious handling of the intestinal tissues and preparations of cells. Myers 
and Schat (1990b) also observed decreased cytotoxic activity when tissues or cell suspensions 
were not processed quickly. 
Lymphocyte Blastogenesis Assay 
Lymphocytes from immunized animals proliferate in response to antigens to which they 
have been sensitized. Mitogens such as Con A, PHA, PWM, and lipopolysaccharide (LPS) also 
induce antigen-independent proliferation in lymphocytes including, lymphocytes of blood, 
spleen, bursa of Fabricius, thymus etc. In vitro lymphoproliferation assays have commonly been 
used to determine in vivo CMI responses. The blastogenic assay involves culturing a population 
of lymphocytes in vitro either in the presence or absence of an antigen or mitogen. Lymphocyte 
proliferation can be assessed by a number of different methods. Widely used scintillation 
methods which are performed by addition of a radiolabelled precursor of DNA (usually ^H-
thymidine) to the culture media and subsequently detecting the amount of radioactivity which 
has been incorporated into the cell (Maluish and Strong, 1986). Numerous modifications of the 
lymphocyte blastogenic assay are available (Lassila et al., 1976; Lee, 1978; Timms, 1979; Barta 
16 
et al, 1992b). Whole blood (Lassila et al., 1976; Lee, 1978), buffy coat (Barta et al, 1992b) 
or density-gradient purified lymphocytes (Glick eial., 1985; Barta ei al., 1992b) have been used 
in the lymphocyte blastogenic assay to determine systemic CMI response. Lymphocytes isolated 
from other primary or secondary lymphoid tissues may also be used to evaluate the blastogenic 
response. Lymphoproliferative response of peripheral blood lymphocytes using various T cell 
mitogens have been studied extensively in chickens (Toivanen and Toivanen, 1973; Weber, 
1973; Lee, 1974; Maheswaran and Thies, 1975; TufVeson and Aim, 1975; Lassila etal, 1976; 
Hove etal, 1978; Timms, 1979; Thiel and Burkhardt, 1984; Barta et al., 1992b) and turkeys 
(Maheswaran et al., 1975; Nagaraja et al., 1982; Barta et al., 1992a ). It has been shown that 
PBL of chicken and turkey respond to T cell mitogens. However, contradictory results on 
mitogenic reactivity of avian lymphocytes to LPS, a B cell mitogen, have been reported. 
Toivanen and Toivanen (1973) suggested that Escherichia coU lipopolysaccharide which 
selectively stimulate B cells in the mouse was not mitogenic for chicken lymphocytes. However, 
other studies (Weber, 1973; TufVeson and Aim, 1975) have indicated that chicken lymphocytes 
responded to LPS. Possible reasons for differences in results may be due to variations in 
lymphocyte isolation procedures, type of LPS used and differences in techniques used to 
determine the mitogenic response. 
Lymphocyte reactivities to mitogens (Con A, PHA, PWM) using peripheral whole 
blood, instead of purified lymphocytes isolated from peripheral blood, have been described in 
chickens (Lassila e/fl/., 1976; Lee, 1978), humans (Luquetti and Janossy, 1976) and, mice, rat, 
guinea pigs and rabbit (Hand and Pauly, 1972), It has been reported that lymphocyte reactivity 
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in whole blood is comparable to lymphocyte reactivity using purified lymphocytes (Hand and 
Pauly, 1972; Lassilae/a/., 1976). These studies have shown that the presence of erythrocytes, 
polymorphonuclear leukocytes, thrombocytes, or plasma did not adversely affect the blastogenic 
reactivity or viability. The whole blood blastogenesis assay has several advantages over the 
purified lymphocyte technique, including that the whole blood technique uses small volume of 
blood and eliminates the purification process which is laborious, time consuming and a source 
of technical variation due to involvement of many steps in the separation and purification of 
lymphocytes. Another advantage of using whole blood is retention of all the components in their 
natural proportion. 
The widely used scintillation method of lymphocyte proliferation assay employs 
incorporation of radiolabelled precursor of DNA (^H-thymidine). A major disadvantage of this 
assay is radioactivity. Special handling and disposal of reagents, samples, equipments etc. are 
required. This assay also requires expensive equipments and technical time. A nonradioactive, 
colorimetric assay to evaluate cell growth using a tetrazolium salt, MTT (3-[4,5-
Dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide) was first described by Mosmann 
(1983). The pale yellow colored dye, MTT, is converted to a purple formazan by cleavage of 
the tetrazolium ring by the mitochondrial enzyme, succinate-dehydrogenase. This water 
insoluble formazan can be solubilized by using isopropanol or other solvents and dissolved 
material can be measured spectrophotometrically giving absorbance as a function of 
concentration of converted dye. The conversion takes place in the living cells only and the 
amount of formazan produced is proportional to the number of viable cells present (Denizot 
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and Lang, 1986). The cleavage and conversion of the soluble yellow dye to the purple formazan 
has been used to develop an alternative assay system to the conventional scintillation assays 
(Mosmann, 1983). Recently, a comparison between MTT colorimetric assay and ^H-thymidine 
uptake technique of lymphoproliferation in chicken was conducted (Bounous et ai, 1992). The 
results demonstrated a close relationship between the two assays indicating MTT colorimetric 
assay as a valid test for evaluation of lymphoproliferation of chicken lymphocytes. The MTT 
colorimetric assay has also been used to measure cellular activity (Gerlier and Thomasset, 
1986), cellular growth and survival (Denizot and Lang 1986; Mosmann, 1983; Scudiero et al., 
1988) and bactericidal activity of the macrophage (Peck, 1985) and neutrophils (Stevens et al., 
1991). Numerous modifications of the MTT colorimetric assay have been described (Hansen 
et al., 1989; Hussain et al., 1993; Tada et al., 1986). Colorimetric assays using other water 
soluble tetrazolium salts such as MTS (3-(4, 5-dimethylthiazole-2-yl)-5 (-3-
carboxymethoxyphenyl)-2-(4-sulphophenyl)-2H-tetrazolium) (Buttke, 1993) and XTT (2, 3-bis 
(2-methoxy-4-nitro-5-sulfophenyl)-5-[(phenylamino) carbonyl]-2H-tetrazoIium hydroxide 
(Parson et al., 1988; Scudiero et al., 1988) have also been used to assess cellular proliferation, 
growth and survival. 
Infectious Bursal Disease 
Infectious bursal disease (IBD) is a highly contagious immunosuppressive disease of 
chickens which is characterized by necrosis and atrophy of the bursa of Fabricius and by 
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extensive depletion of lymphocytes within the lymphoid organs. This disease was first reported 
by Cosgrove in 1962. This disease is also known as Gumboro disease because of its first 
outbreaks in the area of Gumboro, Delaware (Lukert and Saif, 1991). 
IBD is caused by a bisegmented double-stranded RNA virus which is a member of the 
Bimaviridae family (Muller et al., 1979). On the basis of virus neutralization tests, IBD virus 
(IBDV) has been divided into two serotypes; serotype 1 and 2. Serotype 1 viruses are most 
prevalent in chickens. Variant viruses of serotype 1 have also been described (Jackwood and 
Saif, 1987) which may range from apathogenic to highly pathogenic strains. All known isotypes 
of serotype 2 have been reported to be nonpathogenic in chickens and turkeys (Jackwood and 
Saif 1984; Ismail et al, 1988). The IBDV is a very stable virus and resistant to most 
disinfectants and environmental factors resulting in persistent survival in poultry complexes even 
when thorough cleaning and disinfection procedures are followed. 
The IBDV can be propagated in 8-11 days old embryonated eggs (Hitchner, 1970). 
Many strains of EBDV have been adapted to replicate and produce cytopathic effects in primary 
cell cultures including chicken bursal lymphoid cells, chicken embryo kidney cells and chicken 
embryo fibroblast (Lukert and Davis, 1974; Skeeles and Lukert, 1980). Cell culture-adapted 
IBDV has also been propagated in several mammalian continuous cell lines such as Vero, BMG-
70 and MA-104 cells (Jackwood et al, 1987). 
Susceptible chickens less than 3 weeks of age do not exhibit clinical signs (Hitchner, 
1971), but may have a subclinical infection characterized by microscopic lesions in the bursa of 
Fabricius (Winterfield et al, 1972) and immunosuppression (Allan et al, 1984). The clinical 
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form of disease generally occurs in 3-6 week-old birds. Affected birds may be depressed and 
anorexic, have ruffled feathers and excrete watery, greenish or whitish diarrhoea (Cosgrove, 
1962). Trembling and vent picking can also be seen in affected birds. Mortality may be variable, 
but can be as high as 50 percent. Hemorrhage in the thigh and pectoral muscles can be seen 
frequently. There is increased mucus in the intestine and renal changes may be seen in advanced 
stages of the disease. Initially, the cloacal bursa appears swollen and occasionally hemorrhagic 
and frequently covered with a yellowish gelatinous transudate. This is followed by bursal 
atrophy (Cheville, 1967). Microscopic lesions include lymphoid necrosis in the bursa of 
Fabricius, spleen, thymus, and cecal tonsils. 
Actively dividing B lymphocytes have been demonstrated to be target cells for IBDV 
(Muller, 1986; Burkhardt and Muller, 1987). Hirai and Calnek (1979), and Nakai and Hirai 
(1981) were able to demonstrate IgM bearing B lymphocytes as the target cells for the IBDV 
infection. It has been reported that T cells are either totally refractory or have very low 
susceptibility to IBDV (Hirai and Calnek, 1979). Studies in bursectomized and 
nonbursectomized chickens show that following oral inoculation, initial viral replication occurs 
in the GALT (Kaufer, 1980). IBDV has been detected in the GALT and in intestinal 
macrophage within 4-5 hours after oral exposure (Muller, 1986; Muller et al, 1979). Infection 
of the B lymphocytes in the bursa of Fabricius is cytolytic and leads directly to 
immunosuppression. Allan et al. (1984) and Faragher et al. (1974) reported the 
immunosuppressive effects of IBDV infection in chickens vaccinated with Newcastle disease 
vaccine. Suppression in humoral antibody response to other vaccines has also been reported 
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in IBDV infected birds (Hirai et ai, 1974). IBDV has also been reported to adversely affect 
local immune systems. Dohms etai (1981) reported the immunosuppressive effect of IBDV on 
Harderian gland lymphocytes. IBDV-induced immunosuppression also increased the incidence 
of disease caused by opportunistic pathogens and prevented young chickens from responding 
optimally to routine vaccinations. EBDV has been considered as one of the most important viral 
pathogens of commercial poultry throughout the world. 
In addition to the immunosuppression of the humoral immune response, cell-mediated 
immunosuppression has also been described for IBDV in young and older chickens (Hirai and 
Calnek, 1979; Sivanandan and Maheswaran, 1980; Confer e/a/., 1981; Craft etal, 1990). Cell-
mediated immune suppression caused by EBDV was demonstrated by decreased responses such 
as lymphocyte transformation responses to T cell mitogens, skin allograft rejection, mixed 
lymphocyte reaction and decreased antibody response to sheep red blood cells (a T cell-
dependent antigen) (Confer e/a/., 1981; Craft e/a/., 1990; Lam, 1991; Panigrahy e/a/., 1982; 
Sivanandan and Maheswaran, 1981). Severe suppression of the proliferative response of normal 
chicken peripheral blood lymphocyte to Con A (Faragher et ai, 1974; Lam, 1991; Sivanandan 
and Maheswaran, 1981) and PHA (Sivanandan and Maheswaran, 1981) in IBDV infected 
chickens have been demonstrated. IBDV-induced transient depression in proliferative response 
of spleen lymphocytes (Sharma and Lee, 1983) and peripheral blood lymphocytes (Confer et 
al., 1981) to PHA has also been reported in chickens. A significant suppression of T cell 
response to Con A has been demonstrated in one-day-old turkeys poults experimentally infected 
with serotype 2 of IBDV (Nusbaum et al., 1988). The mechanism of reduced T cell response 
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following IBDV infection is not clearly understood. The total number of T lymphocytes in 
peripheral blood has been reported to be lower in IBDV infected birds. It was suggested that 
the decreased number of T lymphocytes potentially caused the suppression of T cell function 
(Sivanandan and Maheswaran, 1980). However, detectable differences in the normal proportion 
ofCDS"^, CD4^, CDS" and CD3^, CD4", CD8"^ bearing T cells in the peripheral blood, spleen 
and thymus have not been observed at any time during the course of IBDV infection (Cloud et 
al., 1992; Rodenberg etal., 1994 ). IBDV replicate in B cells but not in T cells, therefore, lysis 
of T cells is not a likely reason for reduced T cell response. Macrophage-like suppressor cells 
and their soluble products have been suggested to cause the mitogenic hyporesponsiveness in 
T cells of IBDV-infected birds (Sharma and Fredericksen, 1987; Sharma and Lee, 1983). The 
eflFect of IBDV on the NK cell activity of chicken was found not to be consistent (Sharma and 
Lee, 1983). 
The pathogenicity of IBDV can be assessed by studying the gross and microscopic 
lesions in the affected chickens. However, immunosuppressive effects of IBDV have commonly 
been used to determine the pathogenicity of the IBDV. Highly pathogenic strains of IBDV 
induce severe atrophy in the bursa ofFabricius, while nonpathogenic strains of IBDV do not 
induce detectable bursal atrophy. Thus, the reduction in the size of the bursa ofFabricius has 
commonly been used to differentiate the pathogenic and nonpathogenic strains of IBDV. 
IBDV has been shown to cause suppression of humoral antibody response to vaccination 
in chickens. Evaluation of antibody response to a vaccination in IBDV-infected chickens has 
also been used to determine the immunosuppressive effects of IBDV on the systemic humoral 
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immune response. Similarly, in vitro lymphocyte blastogenic responses to mitogens have been 
used to determine the immunosuppressive effects of IBDV on systemic CMI response. 
Immunosuppressive effects of IBDV on local CMI response have not been reported. Studies 
in chickens show that following oral inoculation of IBDV, initial viral replication occurs in the 
GALT (Kaufer, 1980). However, there are no reported studies on the immunosuppressive 
effects of IBDV on the lymphocytes of the GI tract. Immunosuppressive effects of pathogenic 
and nonpathogenic strains of IBDV on the local CMI response in the GI tract require further 
investigation. 
24 
AN EVALUATION OF THE MITOGENIC REACTIVITY 
OF INTESTINAL INTRAEPITHELIAL LYMPHOCYTES OF 
CHICKENS 
Manuscript for submission to Avian Diseases 
P. K. Agrawal and D. L. Reynolds 
SUMMARY 
A colorimetric assay employing MTT, (3-[4,5-Dimethylthiazole-2-yl], 2-5-
diphenyltetrazolium bromide), was used to determine the mitogenic response of intestinal 
intraepithelial lymphocytes (i-IEL) of chickens to T and B cell mitogens. Comparisons between 
mitogenic responses of i-IEL and peripheral blood lymphocytes (PBL) were made to examine 
potential relationships. The resuhs from this study indicated that T cell mitogens, concanavalin 
A (Con A) and phytohemagglutinin-P (PHA-P), induced mitogenic stimulation in i-IEL. 
Although stimulation index (SI) of both i-IEL and PBL were roughly similar, the optical 
densities (OD) of i-EEL cultures containing Con A or PHA-P were 20 to 50 fold lower than the 
OD of PBL cultures containing the same mitogen. The lower conversion of MTT to formazan 
resulting in lower OD in i-IEL cultures indicated a lower level of cellular activity in the i-EEL 
than in the PBL. The mitogenic response of both i-IEL and PBL to Con A and PHA-P was dose 
dependent. The responsive concentration of Con A for i-IEL was within the range of 25-50 
|ig/ml, whereas the responsive concentration of PHA-P for i-IEL was 50 |ig/ml. Three days of 
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incubation was found to be adequate to induce a significant (P < 0.05) niitogenic response for 
both T cell mitogens. Lipopolysaccharide was unable to induce a mitogenic response in i-EEL 
which was attributed to the lack of B cell in the i-EEL population. This technique may prove 
useful in evaluating and studying the role of i-IEL in local cell-mediated immune response of the 
gastrointestinal tract. 
Keywords: gut-associated lymphoid tissue; intestinal intraepithelial lymphocytes; 
mitogenic response; cell-mediated immune response. 
Abbreviations: CMI = cell-mediated immunity; Con A = concanavalin A; DTT = 
dithiothreitol; EDTA = ethylenediaminetetraacetic acid; FBS = fetal bovine serum; GALT = gut-
associated lymphoid tissue; GI = gastrointestinal; i-IEL = intestinal intraepithelial lymphocytes; 
LPL = lamina propria lymphocytes; LPS = lipopolysaccharide; MTT = (3-[4,5-
Dimethylthiazole-2-yl], 2-5-diphenyltetrazolium bromide); NK = natural killer; OD = optical 
density; PEL = peripheral blood lymphocytes; PBS = phosphate-buffered saline; PHA-P = 
phytohemaggiutinin P; SI = stimulation index; sIgA = secretory Immunoglobulin A; SPF = 
specific pathogen free; TCR = T-cell receptor. 
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INTRODUCTION 
Intestinal intraepithelial lymphocytes (i-EEL) are a unique population of intestinal 
lymphocytes, usually found along the basement membrane of the small intestine . The i-IEL are 
mainly T lymphocytes, but they differ in their pattern of receptor expression, functional activities 
and developmental origin from T cells in other lymphoid compartments (22). The CD3^, CD4', 
CD8"^ T cells are a major subset of i-IEL which contains both y 6 (45-65%) and a P (35-45%) 
T cell receptors (4, 11). Although i-IEL are anatomically positioned to be the first line of 
cellular defense against enteric pathogens, the true functions of yS i-IEL are not fully 
understood. Cell-mediated responses such as, cytotoxic (9, 11, 26), natural killer (NK) cell (5, 
21), antibacterial (17), mucosal immunosurveilance (15), and immunoregulatory (10) activities 
of i-IEL have been suggested. Although not all findings concerning the proliferative 
responsiveness of i-IEL to T cell mitogens have been in agreement (2, 23), numerous studies 
have indicated that i-IEL can respond to specific (antigenic) or nonspecific (mitogenic) stimuli. 
It has been shown that i-IEL can proliferate and release lymphokines in response to mitogens 
in vitro (8, 14, 28), are capable of recognizing alloantigen in in vitro assays (8) and can release 
lymphokines in response to nematode antigens following nematode infections (7, 12). The NK 
cell activity of chicken i-IEL against rotavirus-infected target cells (20), chicken tumor cells (5), 
and coccidia (18) has been described. 
The i-IEL are strategically located within the gastrointestinal (GI) tract to aid the host 
against foreign antigens. Mucosal immunity including antigen specific secretory immunoglobulin 
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A (sIgA) and effector T cells, play a very important role in the prevention and control of 
microbial infections in the GI tract. In addition to humoral immune responses, oral 
administration of an antigen can also induce a local cell-mediated immune (CMI) response 
within the intestinal tract (5). While lymphoproliferative assays using peripheral blood 
lymphocytes (PBL) provide information on systemic CMI responses, lymphoproliferative assays 
using i-IEL can also provide information on local CMI responses of the intestinal tract. 
Although there are numerous reports on the NK cell activity of chicken i-IEL (5, 18, 20), 
reports on the lymphoproliferative response of chicken i-IEL, which is considered to be a 
measurement of T lymphocyte activity, have been very limited (2). The purpose of this study 
was to develop a colorimetric blastogenic microassay to evaluate the mitogenic response of 
chicken i-IEL to T and B cell mitogens and compare the mitogenic response between i-IEL and 
PBL. 
MATERIALS AND METHODS 
Chickens. Specific pathogen-free (SPF) White Leghorn chickens were hatched from 
SPF eggs (Hy-Vac, Gowrie, lA) and housed in a facility designed to maintain SPF status. Feed 
and water were provided for ad libitum consumption. Twelve to sixteen 6-week-old chickens 
of both sexes were euthanized using the CO2 inhalation method and their intestines were 
removed for the isolation of i-IEL. 
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Media and Reagents. Medium I was prepared using RPMI 1640 medium with 25 mM 
HEPES and L Glutamine (Sigma Chemical Co.. St. Louis, MO) supplemented with 5% heat-
inactivated fetal bovine serum (FBS; JRH Biosciences, Lenexa, KS), penicillin (200 u/ml), 
streptomycin (200 jjg/ml), and flingizone (0.5 |jg/ml). This medium was used as a culture 
medium for i-IEL and to prepare 1 mM disodium ethylenediaminetetraacetic acid (EDTA) 
solution. Medium 11 was identical to medium I, except that FBS was not added to this medium. 
Medium II was used as serum-free culture medium for whole blood culture, for preparing the 
2 mM dithiothreitol (DTT) solution, and for cell washing. 
Concanavalin A (Con A; Sigma Chemical Co., St. Louis, MO) and phytohemagglutinin 
P (PHA-P; Difco Laboratories, Detroit, MI) were used as T cell mitogens and 
lipopolysaccharide (LPS) ^ om Salmonella typhimurium (Sigma Chemical Co., St. Louis, MO) 
was used as a B cell mitogen. Con A stock solution (10 mg/ml) was prepared in calcium-
magnesium-free phosphate-buffered saline (CMF-PBS) and filtered through a 0.22 ^m syringe 
filter. PHA-P stock solution (10 mg/ml) was prepared in sterile deionized water and LPS stock 
solution (1 ng/}il) was prepared in CMF-PBS. All stock solutions were dispensed into small 
aliquots and stored at -20*^0 until used. 
1 M DTT (Sigma Chemical Co, St. Louis, MO) was prepared in 0.01 M sodium acetate 
(pH 5.2), dispensed into small aliquots and stored at -20''C. The 2 mM DTT solution was used 
to remove mucus from the intestines during i-IEL isolation. MTT (3-[4,5-Dimethylthiazole-2-
yi], 2-5-diphenyltetrazolium bromide; Sigma Chemical Co, St. Louis, MO) solution was 
prepared by dissolving 10 mg of MTT/ml of CMF-PBS and sterilized by filtering through a 
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0.45|im syringe filter. MTT solution was stored at 4*^ in a dark bottle. The 1 mM EDTA 
solution was prepared in medium I. Ten percent saponin solution was prepared in PBS, filtered 
through a 0.45|im fiher and stored at 4*^ C. The HCl-isopropanol (0.04 N HCl-isopropanol) was 
prepared by adding 40 ml of 1 N HCl to one liter of isopropanol. The HCl-isopropanol was 
stored at room temperature in lightproof bottles. 
Isolation of i-IEL. Chicken i-IEL were isolated by using a modification of the 
previously described techniques (1,5, 6). The intestinal tract, from duodenal loop to ileocecal 
junction, was removed immediately following euthanasia, and open longitudinally. The fat and 
blood vessels on the serosal surface were removed, intestines were cut into 10-15 cm long 
pieces and washed several times with PBS. The intestinal pieces were cut again into 1-2 cm long 
segments. Tissue samples from 6-8 birds were pooled, transferred to a beaker containing 2 mM 
DTT and shaken for 5 minutes on a shaker. The supernatant was discarded and the DTT 
treatment was repeated one more time by using a fresh DTT solution. The tissue segments were 
washed twice. The clean pieces were transferred to another beaker containing 1 mM EDTA and 
stirred gently on a magnetic stirrer for 30 minutes at room temperature. The supernatant was 
collected and the EDTA treatment was repeated one more time with fresh EDTA solution. The 
supernatant was allowed to stand for 10-15 minutes to remove large clumps of epithelial cells. 
The supematants were pooled and filtered 2-3 times through media-soaked nylon wool columns 
using a new column each time. The filtrate was centrifuged at 1000 x g for 10 minutes and the 
pellet was resuspended in medium II, The cellular suspension was passed through a series of 
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hypodermic needles of decreasing diameter (20, 22 and 25 gauge) to obtain a single cell 
suspension and further purified by density gradient centrifugation on Lymphoprep™ (Accurate 
Chemical, Westbury, NY). The cellular band at the medium/Lymphoprep™ interface was 
collected and washed twice by centrifligation at 1000 x g for 10 minutes. The pellet was 
resuspended and filtered through nylon wool column. The cell count and viability was 
determined by trypan blue dye exclusion technique. The i-IEL concentration was adjusted to 
5x10 lymphocytes per ml. The viability of freshly isolated i-IEL always exceeded 90%. The 
final i-IEL suspension contained few erythrocytes and less than 1% epithelial cells which were 
nonviable. The intestinal segments, before and after EDTA treatment, were fixed and stained 
with hematoxylin and eosin stain for histological examination. The final i-IEL preparation was 
fixed on a slide with absolute methanol and stained with Wright's stain to examine the 
morphological characteristics of the isolated cells. 
Peripheral Blood Lymphocytes (PBL). Whole blood was used as the source of PEL. 
Blood was collected from the wing vein of chickens using a syringe containing heparin (20 
units/m! of blood) and cultured immediately after collection. 
Colorimetric Blnstogenesis Assay, Mitogenic response of i-IEL and PBL was 
measured by using a modification of previously described MTT colorimetric technique (19). A 
serial dilution of mitogens (Con A, PHA-P and LPS) was prepared in medium I (supplemented 
with 5% FBS for i-IEL culture) or medium II ( serum free medium for whole blood culture). 
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The concentrations of Con A used were 6.25, 12.5,25, 50, 100, 200, 400, 800, and 1600 ng/ml 
for i-IEL and 12.5, 25, 50, 100, and 200 |ig/ml for PEL. The concentrations of PHA-P used 
were 12.5, 25, 50, 100, 200, 400, 800, 1600 and 3200 ^g/ml for i-IEL, and 12.5, 25, 50, 100 
and 200 |ig/ml for PEL, and concentrations of LPS were 0.125, 0.25, 0.5, 1, 2, 4, 8, 16, 32 
|ig/ml for i-IEL and 0.125, 0.25, 0.5, 1, 2 and 4 |ig/ml for PEL. Two hundred nl of medium 
containing a serial dilution of mitogen was dispensed into each well of a 96-well flat-bottomed 
tissue culture plate (Coming Laboratory Sciences Co., Corning, NY). Culture medium without 
mitogen was used as negative control. Due to uneven evaporation of HCl-isopropanol from 
peripheral wells during processing of plate, the peripheral wells were not used for culturing i-
lEL or PEL. The blastogenesis assay for each mitogen concentration was performed in 
triplicate. In a preliminary study, the optimum cell concentration was found to be 5x10^ i-
lEL/well to obtain mitogenic response to the T cell mitogen, Con A. Therefore, 5x10^ i-
lEL/well were used for the colorimetric assay throughout the study. Ten ^1 of i-IEL or whole 
blood was cultured in each well and plates were incubated at 37° C for 3, 4 or 5 days in a 
humidified atmosphere containing 5% CO2. At the end of the incubation period, 20 nl of MTT 
(10 mg/ml) was added in each well of the plate and the plate was reincubated for 3 hours. At 
the end of second incubation, the i-IEL and PEL plates were processed separately as described 
below. 
The i-IEL culture plates were centrifliged at 1000 x g for 10 minutes at room 
temperature. The supernatant was aspirated carefully without disturbing the cellular layer at the 
bottom of the well. One hundred fifty ^1 of HCl-isopropanol was dispensed in each well of the 
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plate. The plate was shaken for 10 minutes on a plate shaker and the pellet was resuspended 
thoroughly using a pipetter. The plate was centrifliged at 1000 x g for 10 minutes and 110 nl 
of supernatant was transferred into corresponding wells of a new 96-well plate. One hundred 
ten |il of HCl-isopropanol was dispensed into six peripheral empty wells and used as blanks. The 
optical densities (OD) of each well was measured at a wavelength of 550 nm using an 
automated multiwell spectrophotometer (ELISA reader, BioTeK, Winooski, VT). 
The whole blood culture plates were processed as follows: The supernatant containing 
culture medium and MTT was aspirated without disturbing the cellular layer at the bottom of 
the well. One hundred fifty (il of 10% saponin was dispensed into each well of the plate. The 
plate was shaken for 20 minutes on a plate shaker and the pellets were thoroughly resuspended 
with a pipetter. The plate was centrifliged at 1000 x g for 10 minutes and the supernatant was 
aspirated without disturbing the pellet at the bottom of the well. One hundred seventy five |il 
of HCl-isopropanol was dispensed into each well and the plate was shaken for 10 minutes. The 
pellet was resuspended thoroughly with a pipetter and the plate was centrifliged one more time. 
One hundred |j1 of supernatant was transferred to corresponding wells of a new 96-well plate. 
One hundred nl of HCl-isopropanol was dispensed into six peripheral empty wells which were 
used as blanks. The OD was measured at a wavelength of 550 nm. 
Experimental Design. The mitogenic response of both i-IEL and PBL to three 
mitogens, Con A, PHA-P and LPS, was examined using a serial dilution of each mitogen as 
described in the materials and methods section. The mitogenic response of i-IEL was studied 
using a total of two samples. Each i-DEL sample was prepared from a pool of 6-8 intestines. The 
mitogenic response of the PBL was studied using a total of two blood samples collected from 
the wing vein of two chickens. Each assay was performed in triplicate. The mitogenic response 
was examined for 3 time periods by incubating the cultures for 3, 4 or 5 days. The cultured 
plates were processed as described in the materials and methods section. The OD of 3 wells 
were averaged and a stimulation index (SI) was calculated by the following formula: 
(mean OD of mitogen stimulated culture) - (mean OD of nonstimulated control culture) 
(mean OD of nonstimulated control culture) 
Statistical Evaluation. The SI values for both samples were averaged for statistical 
evaluation. Statistical analysis was performed using SAS statistical software (SAS Institute Inc., 
Gary, N.C.). Duncan's multiple range test was used to determine the differences in mitogenic 
responses between various concentrations of mitogens and differences in mitogenic responses 
between various incubation periods. Statistical significance was expressed as significant 
(P<0.05), highly significant (P<0.01) or not significant (P>0.05). 
RESULTS 
Microscopic examination of the histological sections stained with hematoxylin and eosin 
stain revealed that tissue sections collected after EDTA treatment were devoid of an epithelial 
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lining while villous structures and basement membranes were intact. Microscopic examination 
of the final i-IEL preparation stained with Wright's stain revealed typical lymphoid cells with few 
erythrocytes and epithelial cells. 
Mitogenic Response of i-IEL. Figures 1, 2 and 3 represent the in vitro mitogenic 
responses of i-IEL to Con A, PHA-P and LPS respectively at 3, 4 and 5 days of incubation as 
determined by the MTT colorimetric assay. Data and analysis of variance (ANOVA) table for 
mitogenic responses of chicken i-IEL are given in Appendix (Tables 1 - 6). Figure 1 shows the 
mitogenic response of i-EEL to various concentrations of Con A at 3, 4 and 5 days of incubation 
(Appendix; Table 1). The results show that Con A concentrations above 25 ng/ml induced 
significant (P < 0.01) i-IEL stimulation. The peak response was observed at 50 |ig/ml level, but 
the difference in response between 25 and 50 ^ig/ml was not significant (P > 0.05). There was 
no significant difference (P > 0.05) in mitogenic responses among i-IEL cultures incubated for 
3, 4 or 5 days. Figure 2 shows the mitogenic response of i-IEL to various concentrations of 
PHA-P at 3, 4 and 5 days of incubation (Appendix: Table 2). The results demonstrate that PHA-
P above 12.5 |ig/ml induced i-IEL stimulation at 3 days of incubation. The peak response to 
PHA-P was observed at 50 pg/ml level (P < 0.01), however there was no difference in 
mitogenic response between 50 and 100 |ag/ml. The mitogenic response with PHA-P was 
significantly higher (P < 0.05) at 3 days of incubation than 4 and 5 days of incubation. The 
mitogenic response of i-IEL with PHA-P at 5 days of incubation was observed only at 100 
|ig/ml concentration (P < 0.05). Figure 3 represents the mitogenic response of i-IEL to various 
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Figure 1. Mitogenic response of i-IEL to various concentrations of Con A at 3, 4, 
or 5 days of incubation as determined by using a MTT colorimetric assay. The bars 
represent the average stimulation index (SI) and error bars denotes the standard 
deviation. A single asterisk (*) denotes significant difference (P < 0.05) and two 
asterisks (**) denotes highly significant difference (P < O.OJ) in mitogenic response 
when compared to non Con A control groups. 
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Figure 2. Mitogenic response of i-IEL to various concentrations of PHA-P at 3, 4, 
or 5 days of incubation as determined by using a MTT colorimetric assay. The bars 
represent the average stimulation index (SI) and error bars denotes the standard 
deviation. A single asterisk (*) denotes significant difference (P < 0.05) and two 
asterisks (**) denotes highly significant difference {P < 0.01) in mitogenic response 
when compared to non PHA-P control groups. 
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Figure 3. Mitogenic response of i-IEL to various concentrations of LPS at 3, 4, or 
5 days of incubation as determined by using a MTT colorimetric assay. The bars 
represent the average stimulation index (SI) and error bars denotes the standard 
deviation. 
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concentrations of LPS at 3,4 and 5 days of incubation (Appendix: Table 3). The results indicate 
that LPS was unable to stimulate i-IEL at time periods tested. A low mitogenic response was 
observed at very high concentrations of LPS (1600 lig/ml) which was not statistically significant 
{P>0.05). 
Mitogenic Response of PBL. Figures 4, 5 and 6 represent the mitogenic responses of 
PBLto Con A, PHA-P and LPS at 3, 4 and 5 days of incubation as assessed by using a whole 
blood and MTT colorimetric technique. Data and analysis of variance (ANOVA) table for 
mitogenic responses of chicken PBL are given in Appendix (Tables 7 - 12). Figure 4 shows the 
mitogenic response of PBL to various concentrations of Con A at 3, 4 and 5 days of incubation 
(Appendix: Table 7). The Con A concentrations above 12.5 |ig/ml induced significant (P < 0.05) 
PBL stimulation. The highest mitogenic response was observed at 50 |ig/ml at 3 days of 
incubation and 25 |Jg/ml at 4 and 5 days of incubation. However, the difference in mitogenic 
responses was not significant between 3, 4 and 5 days of incubation. Figure 5 shows the 
mitogenic response of PBL to various concentrations of PHA-P at 3, 4 and 5 days of incubation 
(Appendix: Table 8). The results indicate that the PHA-P above 12.5 ng/ml (lowest 
concentration tested) induced significant (P < 0.05) PBL stimulation. The peak response was 
observed at 50 fig/ml level which was not significantly different that 100 |ig/ml. The mitogenic 
response of PHA-P at 3 days of incubation was not different than 4 and 5 days of incubation. 
Figure 6 represents the mitogenic response of PBL to various concentrations of LPS at 3, 4 and 
5 days of incubation (Appendix: Table 9). The results demonstrate that LPS induced significant 
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Figure 4. Mitogenic response ofPBL to various concentrations of Con A at 3, 4, or 
5 days of incubation as determined by using a MTT colorimetric assay. The bars 
represent the average stimulation index (SI) and error bars denotes the standard 
deviation. A single asterisk (*) denotes significant difference {P < 0.05) and two 
asterisks (**) denotes highly significant difference (P < 0.0J) in mitogenic response 
when compared to non Con A control groups. 
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Figure 5. Mitogenic response of PBL to various concentrations of PHA-P at 3, 4, 
or 5 days of incubation as determined by using a MTT colorimetric assay. The bars 
represent the average stimulation index (SI) and error bars denotes the standard 
deviation. A single asterisk (*) denotes significant difference {P < 0.05) and two 
asterisks (**) denotes highly significant difference {P < 0.0J) in mitogenic response 
when compared to non PHA-P control groups. 
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Figure 6, Mitogenic response of PBL to various concentrations of LPS at 3, 4, or 
5 days of incubation as determined by using a MTT colorimetric assay. The bars 
represent the average stimulation index (SI) and error bars denotes the standard 
deviation. A single asterisk (*) denotes significant difference (P < 0.05) and two 
asterisks (**) denotes highly significant difference (P < 0.0J) in mitogenic response 
when compared to non LPS control groups. 
42 
stimulation (P < 0.05) above 0.125 ^g/ml (the lowest concentration tested) at all three 
incubation periods tested. The difference in mitogenic stimulation for different concentrations 
of LPS was not found to be significantly different (P > 0.05). The mitogenic response at 5 days 
of incubation was higher (P < 0.05) when compared with those observed at 3 and 4 days of 
incubation. 
DISCUSSION 
The results from this study demonstrated that T cell mitogens, Con A and PHA-P, 
induced a mitogenic response in chicken i-IEL. The mitogenic responses of both i-IEL and 
PBL to Con A and PHA-P were dose dependent. The responsive concentration of Con A was 
within the range of 25-50 ng/ml for both i-IEL and PBL, whereas the responsive concentration 
of PHA-P was 50 |ig/m] for i-IEL and PBL. The LPS induced a mitogenic response in PBL, but 
was unable to induce a mitogenic response in i-IEL. This was not unexpected and was attributed 
to the lack of B cells in the i-IEL population. The mitogenic response of PBL to LPS at the 
concentrations employed did not seem to be dose dependent. The 3-day incubation period was 
adequate to induce significant {P < 0.05) mitogenic response for Con A and PHA-P. Although 
LPS induced maximum PBL stimulation at the 5 day incubation period, 3 days of incubation was 
adequate to obtain significant {P < 0.05) PBL stimulation. Previously, it was suggested that 
chicken PBL do not respond to LPS (24). However, results from this and other studies (25, 27) 
demonstrated that PBL of chicken do respond to LPS. Possible reasons for differences in results 
43 
may be due to variations in lymphocyte isolation procedures, type of LPS used, and differences 
in techniques used to determine the mitogenic response. 
Although not all findings concerning the mitogenic responses of i-IEL to T cell mitogens 
have been in agreement (2, 23), results from this study indicated that T cell mitogens. Con A 
and PHA-P, induce mitogenic response in chicken i-IEL which can be evaluated by using the 
MTT colorimetric assay. Although SI values of both i-IEL and PBL were roughly similar, the 
OD of i-IEL cultures containing Con A or PHA-P were 20-50 fold lower than the OD of PBL 
cultures containing the same mitogen. The lower conversion of MTT to formazan resulting in 
lower OD in i-IEL cultures indicated a lower level of cellular activity in the i-IEL than in the 
PBL. 
Differences such as incomplete removal of medium and MTT mixture from the wells, 
accidental removal of cells along with medium, variation in volume of HCl-isopropanol added 
or transferred, variation in resuspending the cellular pellet thoroughly in HCl-isopropanol, and 
difference in shaking time after dispensing HCl-isopropanol may contribute to the variation in 
results. It was found that for best results the OD should be measured immediately after 
processing the plates. Evaporation of HCl-isopropanol from the peripheral wells of the 96-well 
plate during shaking and centrifligation was found not to be uniform, This occasionally caused 
higher concentrations of formazan to occur in the peripheral wells, causing higher OD in these 
wells. Therefore, peripheral wells were not used in this assay. 
The time required to isolate i-IEL should be minimized to obtain high yield of viable 
cells. Initial removal of fat and blood vessels from the serosal surface of the intestine, multiple 
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washing of intestinal pieces before and after DTT treatments, removal of clumps of epithelial 
cells after EDTA treatments helped in reducing the contamination with epithelial cells and 
improving the yield of viable cells. Filtration of cellular supematants through multiple nylon 
wool columns further reduced the contamination with epithelial cells and improved the yield of 
viable cells in the final preparation. 
In this study, whole blood was used as the source of PBL and comparisons between i-
lEL and PBL responses were made. It has been previously shown that lymphoproliferative 
responses determined by the whole blood technique is comparable to the lymphoproliferative 
response using the purified lymphocyte technique (13, 16). The whole blood blastogenic assay 
has several benefits over the purified lymphocyte technique, including the requirement for small 
volume of blood and no lymphocyte purification process is needed. Purification of lymphocytes 
is a laborious and time consuming procedure. Retention of all the components of blood in their 
natural proportion is another benefit of the whole blood blastogenesis assay. The culture 
medium for whole blood does not require supplementation with FES. 
As this in vitro assay employed a tetrazolium dye, MTT, the problems associated with 
conventional ^H-thymidine uptake techniques, such as special handling and disposal of 
radioactive materials and requirement of expensive equipment to measure the radioactivity 
incorporated into the cells, can be avoided. In this assay, a spectrophotometer (ELISA reader) 
was used to measure the optical densities. Recently, a comparative evaluation between MTT 
colorimetric assay and ^H-thymidine uptake technique of lymphoproliferation was conducted 
in chickens (3) and the results demonstrated a close relationship between the two assays 
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indicating the MTT colorimetric assay as a vahd test for evaluation of lymphoproliferation in 
chickens. In the current study, benefits of colorimetric MTT assay and whole blood technique 
were employed which were found to be useful in evaluating and comparing the mitogenic 
responses of lymphocytes isolated from local (i-IEL) and peripheral (PBL) sources. This 
technique may prove useful in evaluating and studying the role of i-IEL in the local CMI 
response of the GI tract. 
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Table 1. Mitogenic responses of chicken i-IEL to various concentrations of Con A at 3, 
4 and 5 days of incubation. The values represent stimulation index (SI) 
caluculated by the formula defined in the experimental design section. Each SI 
is average of 3 wells. 
Concentration of Con A (fag/ml) 
0 6.25 12.5 25 50 100 200 400 800 1600 
Incubation Period: 3-day 
Sample! 0.000 0.312 0.312 1.625 1.813 1.125 0.813 0.500 0.250 0.125 
Sample 2 0.000 0.235 0.060 0.650 0.824 0.765 0.706 0.590 0.412 0.294 
Average 0.000 0.274 0.186 1.138 1.319 0.945 0.760 0.545 0.331 0.210 
Std. Dev. 0.000 0.039 0.126 0.488 0.495 0.180 0.054 0.045 0.081 0.085 
Incubation Period: 4-day 
Sample 1 0.000 0.000 0.000 1.125 1.250 0.750 0.440 0.190 0.125 0.000 
Sample 2 0.000 0.000 0.000 1.000 1.500 1.625 1.625 1.250 0.875 0.625 
Average 0.000 0.000 0.000 1.063 1.375 1.188 1.033 0.720 0.500 0.313 
Std. Dev. 0.000 0.000 0.000 0.063 0.125 0.438 0.593 0.530 0.375 0.313 
Incubation Period: 5-day 
Sample 1 0.000 0.220 0.166 1.610 1.500 0.940 0.720 0.330 0.220 0.111 
Sample 2 0.000 0.000 0.000 0.900 1.100 1.100 1.100 0.800 0.600 0.500 
Average 0.000 0.110 0.083 1.255 1.300 1.020 0.910 0.565 0.410 0.301 
Std. Dev. 0.000 0.110 0.083 0.355 0.200 0.080 0.190 0.235 0.190 0.195 
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Table 2. Mitogenic responses of chicken i-EEL to various concentrations of PHA-P at 3, 
4 and 5 days of incubation. The values represent stimulation index (SI) 
caluculated by the formula defined in the experimental design section. Each SI 
is average of 3 wells. 
Concentration of PHA-P (ng/ml) 
0 12.5 25 50 100 200 400 800 1600 3200 
Incubation Period: 3-day 
Sample 1 0.000 2.450 3.100 4.650 4.250 3.450 3.300 2.150 0.650 0.000 
Sample 2 0.000 1.780 2.130 2.260 2.170 1.800 1.218 0.700 0.261 0.000 
Average 0.000 2.115 2.615 3.455 3.210 2.625 2.259 1.425 0.456 0.000 
Std. Dev. 0.000 0.335 0.485 1.195 1.040 0.825 1.041 0.725 0.195 0.000 
Incubation Period: 4-day 
Sample 1 0.000 1.550 1.770 3.700 4.300 3.330 2.660 1.000 0.167 0.000 
Sample 2 0.000 0.655 0.724 0.966 0.724 0.690 0.345 0.104 0.000 0.000 
Average 0.000 1.103 1.247 2.333 2.512 2.010 1.503 0.552 0.084 0.000 
Std. Dev. 0.000 0.448 0.523 1.367 1.788 1.320 1.158 0.448 0.084 0.000 
Incubation Period: 5-day 
Sample 1 0.000 0.526 1.050 1.780 2.360 1.420 1.310 0.368 0.530 0.000 
Sample 2 0.000 0.630 0.789 0.950 0.740 0.685 0.263 0.053 0.000 0.000 
Average 0.000 0.578 0.920 1.365 1.550 1.053 0.787 0.211 0.265 0.000 
Std. Dev. 0.000 0.052 0.130 0.415 0.810 0.367 0.524 0.158 0.265 0.000 
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Table 3. Mitogenic responses of chicken i-IEL to various concentrations of LPS 3, 4 and 
5 days of incubation. The values represent stimulation index (SI) caluculated by 
the formula defined in the experimental design section. Each SI is average of 3 
wells. 
Concentration of LPS (ng/ml) 
0 0.125 0.25 0.5 1.0 2.0 4.0 8.0 16.0 32.0 
Incubation Period: i 
Sample 1 0.000 
Sample 2 0.000 
Average 0.000 
Std. Dev. 0.000 
Incubation Period: 
Sample 1 0.000 
Sample 2 0.000 
Average 0.000 
Std. Dev. 0.000 
Incubation Period: 
Sample 1 0.000 
Sample 2 0.000 
Average 0.000 
Std. Dev. 0.000 
1-day 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
l-day 
0.000 0.000 0.000 
0.000 0.000 0.125 
0.000 0.000 0.062 
0.000 0.000 0.063 
i-day 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.063 0.000 0.000 
0.000 0.000 0.000 
0.031 0.000 0.000 
0.031 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.117 0.059 0.176 
0.000 0.000 0.000 
0.058 0.029 0.088 
0.058 0.029 0.088 
0.125 0.25 0.063 
0.000 0.059 0.000 
0.062 0.154 0.031 
0.062 0.096 0.031 
0.000 0.117 0.000 
0.000 0.250 0.000 
0.000 0.183 0.000 
0.000 0.067 0.000 
0.117 0.230 0.235 
0.000 0.000 0.000 
0.058 0.115 0.117 
0.058 0.115 0.117 
52 
Table 4. Analysis of Variance table for data on mitogenic response of intraepithelial 
lymphocytes (i-IEL) to various concentrations of Con A, PHA-P and LPS at 3, 4, and 
5 days of incubation. 
Source 
Dgree of 
Freedom 
Sum of 
Square 
Mean 
Square 
F 
Value 
Prob. 
>F 
Con A: 
Time 
Bird * Time 
Concentrations 
Time * Cone. 
Error 
PHA-P: 
Time 
Bird * Time 
Concentrations 
Time * Cone. 
Error 
LPS: 
Time 
Bird * Time 
Concentrations 
Time * Cone. 
Error 
00.02348943 
01.34477050 
12.69384427 
18 00.34576023 
27 02.63198450 
13.74966973 
18.13395855 
46.61416882 
18 5.54946993 
27 12.45966795 
0.00566440 
0.05671420 
0.10937773 
18 0.03888027 
27 0.07494480 
0.01174472 
0.44825683 
1.41042714 
0.01920890 
0.09748091 
6.87483487 
6.04465285 
5.17935209 
0.30830389 
0.46146918 
0.00283220 
0.01890473 
0.01215308 
0.00216001 
0.00277573 
00.03 
14.47 
00.20 
1.14 
11.22 
0.67 
0.15 
4.38 
0.78 
0.9744 
0.0001 
0.9996 
0.4289 
0.0001 
0.8113 
0.8669 
0.0013 
0.7061 
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Table 5. Duncan multiple range comparisons between mitogenic response of intraepithelial 
lymphocytes (i-IEL) to various concentrations of Con A, PHA-P and LPS. Mean SI 
values for each mitogen with difFerrent superscripts indicate a significant difference 
at P < 0.05 level. 
Cone, of Mean Cone, of Mean Cone, of Mean 
Con A SI PHA-P SI LPS SI 
(fig/ml) Values (Hg/ml) Values (Hg/ml) Values 
0.00 0.0000^ 0.00 0.0000= 0.00 o.oooo'' 
6.25 0.1278®'^ 12.50 1.2652'=-'' 0.12 o.oooo'' 
12.50 0.0897"='^ 25.00 1.5938°-'''''' 0.25 o.oooo'' 
25.00 1.1517"''' 50.00 2.3843®-'' 0.50 0.0208'' 
50.00 1.3312" 100.00 2.4240" 1.00 0.0300'' 
100.00 1.0508"-'' 200.00 1.8958"- 2.00 0.0098'' 
200.00 0.9007'''' 400.00 1.5160''-''-'' 4.00 0.0293'' 
400.00 0.6100"''^ 800.00 0.7292''-® 8.00 0.0403'' 
800.00 0.4137'''" 1600.00 0.1885" 16.00 0.1510" 
1600.00 0.2758''-'='^ 3200.00 0.0000" 32.00 0.0496*' 
Table 6. Duncan multiple range comparisons between mitogenic response of intraepithelial 
lymphocytes (i-IEL) to Con A, PHLA-P and LPS. cultured at various incubation 
periods. Mean SI values for each mitogen with difFerrent superscripts indicate a 
significant difference at P < 0.05 level. 
Incubation Mean SI Mean SI Mean SI 
Period for Con A for PHA-P for LPS 
3 days 0.5706'' l.SieO'' 0.0280'' 
4 days 0.5959' 1.1343" 0.0246" 
5 days 0.6190' 0.6489" 0.0467" 
54 
Table 7. Mitogenic responses of chicken PBL to various concentrations of Con A at 3, 4 and 
5 days of incubation. The values represent stimulation index (SI) caluculated by the 
formula defined in the experimental design section. Each SI is average of 3 wells. 
Concentration of Con A (ng/ml) 
0 12.5 25 50 100 200 
Incubation Period: 3-day 
Sample 1 0.000 0.159 1.146 1.412 0.728 0.080 
Sample 2 0.000 0.370 0.695 0.867 0.408 0.000 
Average 0.000 0.265 0.921 1.140 0.568 0.040 
Std. Dev. 0.000 0.105 0.225 0.272 0.160 0.040 
Incubation Period: 4-day 
Sample 1 0.000 0.190 1.560 1.538 0.548 0.000 
Sample 2 0.000 0.342 1.167 1,062 0.440 0.000 
Average 0.000 0.266 1.364 1.300 0.494 0.000 
Std. Dev. 0.000 0.076 0.196 0.238 0.054 0.000 
Incubation Period: 5-day 
Sample 1 0.000 0.608 1.560 1.264 0.697 0.010 
Sample 2 0.000 0.185 1.730 1.380 0.405 0.000 
Average 0.000 0.397 1.645 1.322 0.551 0.005 
Std. Dev. 0.000 0.211 0.085 0.058 0.146 0.005 
55 
Table 8. Mitogenic responses of chicken PBL to various concentrations of PHA-P at 3, 4 and 
5 days of incubation. The values represent stimulation index (SI) caluculated by the 
formula defined in the experimental design section. Each SI is average of 3 wells. 
Concentration of PHA-P (ng/ml) 
0 12.5 25 50 100 200 
Incubation Period: 3-day 
Sample 1 0.000 0.376 0.717 1.619 1.470 1.173 
Sample 2 0.000 0.573 0.753 1.530 1.414 1.325 
Average 0.000 0.475 0.735 1.575 1.442 1.249 
Std. Dev. 0.000 0.098 0.018 0.044 0.028 0.076 
Incubation Period: 4-day 
Sample 1 0.000 0.349 0.684 1.773 1.582 1.239 
Sample 2 0.000 0.635 0.944 1.560 1.436 1.031 
Average 0.000 0.492 0.814 1.667 1.509 1.135 
Std. Dev. 0.000 0.143 0.130 0,106 0.073 0.104 
Incubation Period: 5-day 
Sample 1 0.000 0.374 0.839 1.634 1.686 1.394 
Sample 2 0.000 0.463 1.293 1.259 0.893 0.568 
Average 0.000 0.419 1.066 1.447 1.290 0.981 
Std. Dev. 0.000 0.044 0.227 0.187 0.396 0.413 
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Table 9. Mitogenic responses of chicken PBL to various concentrations of LPS at 3, 4 and 5 
days of incubation. The values represent stimulation index (SI) caluculated by the 
formula defined in the experimental design section. Each SI is average of 3 wells. 
Concentration ofLPS (Hg/ml) 
0 0.125 0.25 0.5 1.0 2.0 4.0 
Incubation Period: 3-day 
Sample 1 0.000 0.370 0.430 0.464 0.397 0.394 0.415 
Sample 2 0.000 0.090 0.138 0.142 0.150 0.164 0.060 
Average 0.000 0.230 0.284 0.303 0.274 0.279 0.238 
Std. Dev. 0.000 0.140 0.146 0.161 0.123 0.115 0.177 
Incubation Period: 4-day 
Sample 1 0.000 0.306 0.328 0.347 0.311 0.392 0.398 
Sample 2 0.000 0.211 0.326 0294 0.295 0.249 0.190 
Average 0.000 0.259 0.327 0.321 0.303 0.321 0.294 
Std. Dev. 0.000 0.047 0.001 0.026 0.008 0.071 0.101 
Incubation Period: 5-day 
Sample 1 0.000 0.554 0.512 0.546 0.596 0.525 0.635 
Sample 2 0.000 0.522 0.443 0.440 0.461 0.507 0.452 
Average 0.000 0.538 0.478 0.493 0.529 0.516 0.544 
Std. Dev. 0.000 0.016 0.034 0.053 0.067 0.009 0.091 
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Table 10. Analysis of Variance table for data on mitogenic response of peripheral blood 
lymphocytes (PBL) to various concentrations of Con A, PHA-P and LPS at 3, 4, and 
5 days of incubation. 
Source 
Dgree of 
Freedom 
Sum of 
Square 
Mean 
Square 
F 
Value 
Prob. 
>F 
Con A; 
Time 
Bird * Time 
Concentrations 
Time * Cone. 
Error 
PHA-P: 
Time 
Bird * Time 
Concentrations 
Time * Cone. 
Error 
LPS: 
Time 
Bird * Time 
Concentrations 
Time * Cone. 
Error 
00.16236289 
00.18979758 
10.30093081 
10 00.44181211 
15 00.49829692 
00.02967217 
00.18028683 
10.52702000 
10 00.26756783 
15 00.81941217 
00.36747014 
00.25217529 
00.67947762 
12 00.07787052 
18 00.07362871 
0.08118144 
0.06326586 
2.06018616 
0.04418121 
0.03321979 
0.01483608 
0.06009561 
2.10540400 
0.02675678 
0.05462748 
0.18373507 
0.08405843 
0.11324627 
0.00648921 
0.00409048 
01.28 
62.02 
01.33 
00.25 
38.54 
00.49 
02.19 
27.69 
01.59 
0.3957 
0.0001 
0.2992 
0.7957 
0.0001 
0.8716 
0.2596 
0.0001 
0.1825 
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Table 11. Duncan multiple range comparisons between mitogenic response of peripheral blood 
lymphocytes (PBL) to various concentrations of Con A, PHA-P and LPS. Mean SI 
values for each mitogen with differrent superscripts indicate a significant difference 
at P < 0.05 level. 
Cone, of Mean Cone, of Mean Cone, of Mean 
Con A SI PHA-P SI LPS SI 
(Hg/ml) Values (Mg/ml) Values (Hg/ml) Values 
0.00 0.0000'' 0.00 0.0000'' 0.00 0.0000*' 
12.50 0.3090"= 12.50 0.4617' 0.12 0.3405' 
25.00 1.3097' 25.00 0.8717*' 0.25 0.3628' 
50.00 1.2538' 50.00 1.5625' 0.50 0.3721' 
100.00 0.5377*' 100.00 1.4135' 1.00 0.3683' 
200.00 0.0150'' 200.00 \ .n \ f  2.00 0.3718' 
4.00 0.3583' 
Table 12. Duncan multiple range comparisons between mitogenic response of peripheral blood 
lymphocytes (PBL) to Con A, PHA-P and LPScultured at various incubation periods. 
Mean SI values for each mitogen with differrent superscripts indicate a significant 
difference at P < 0.05 level. 
Incubation Mean SI Mean SI Mean SI 
Period for Con A for PHA-P for LPS 
3 days 0.4888'' 0,9125' 0.2296*' 
4 days 0.5706' 0.9361' 0.2605'' 
5 days 0.6533' 0.8669' 0.4416' 
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A COMPARATIVE ANALYSIS OF THE MITOGENIC RESPONSE OF 
INTESTINAL INTRAEPITHELIAL LYMPHOCYTES IN VARIOUS 
AGE GROUPS OF TURKEYS 
Manuscript for submission to Avian Diseases 
P. K. Agrawal and D. L. Reynolds 
SUMMARY 
Mitogenic responsiveness of intestinal intraepithelial lymphocytes (i-IEL) to 
concanavalin A (Con A), phytohemagglutinin P (PHA-P) and lipopolysaccharide (LPS) from 
Salmonella typhimurium were evaluated in various age groups of turkeys using a colorimetric 
blastogenic microassay. Comparisons were made between mitogenic responses of turkey i-IEL 
and peripheral blood lymphocytes (PBL). The results from this study demonstrated that i-IEL 
and PBL of turkeys responded to T cell mitogens, Con A and PHA-P, in every age group 
examined. The LPS induced a significant mitogenic response in PBL but not in i-IEL of turkeys. 
The mitogenic responses of turkey i-IEL and PBL to three mitogens examined were similar to 
mitogenic responses observed in an eariier study performed by using chicken i-IEL and PBL. 
The results indicated a difference in mitogenic response between different age groups. There 
was an increase in mitogenic response of i-IEL to both T cell mitogens from 3-days of age to 
1-week of age, whereas there was a significant decline in mitogenic response of PBL to all 3 
mitogens from 1-day of age to 3-days of age. The highest mitogenic response of i-IEL to T cell 
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mitogens was observed at 1-week of age. The highest mitogenic response of PBL to both T cell 
mitogens was observed at 1-day of age and highest PBL response to LPS was observed at 16-
weeks of age. The mitogenic response induced by PHA-P provided less variability between age 
groups than the mitogenic response induced by Con A. 
Keywords: gut-associated lymphoid tissue; intestinal intraepithelial lymphocytes; 
mitogenic response; cell-mediated immune response. 
Abbreviations: CMI = cell-mediated immunity; Con A = concanavalin A; DTT = 
dithiothreitol; EDTA = ethylenediaminetetraacetic acid; FBS = fetal bovine serum; GI = 
gastrointestinal; i-IEL = intestinal intraepithelial lymphocytes; LPS = lipopolysaccharide; MTT 
= (3-[4,5-Dimethylthiazole-2-yl], 2-5-diphenyltetrazolium bromide); NK = natural killer; OD 
= optical density; PBL = peripheral blood lymphocytes; PBS = phosphate-buffered saline; PHA-
P = phytohemagglutinin P; SI = stimulation index; sIgA = secretory Immunoglobulin A. 
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INTRODUCTION 
The gastrointestinal (GI) tract is a major portal of entry for enteric pathogens and a 
common route of vaccination in poultry. The humoral or cell-mediated immune (CMI) response 
at the systemic level may not reflect protective immunity at mucosal sites (9). The local CMI 
response of the intestinal tract has been considered to be very important for the protection 
against many enteric agents. The intestinal intraepithelial lymphocytes (i-IEL) represent a large 
population of T cells which are predominantly CD3^, CD4", CD8^ T cells (4, 22). The i-EEL 
play an important role in the local CMI response (5, 18). Although contradictory results 
concerning the proliferative response of i-IEL to T cell mitogens have been reported, (3, 24), 
numerous studies have indicated that i-IEL can respond to specific (antigenic) or nonspecific 
(mitogenic) stimuli (7, 8, 10, 11, 25). Species specific differences in the proliferative response 
of i-IEL have also been reported. Strong proliferative response of porcine i-IEL (25) and low 
proliferative response of murine i-IEL (24) to T cell mitogens have been reported. In chickens, 
natural killer (NK) cell activity of i-IEL against rotavirus-infected target cells (21), chicken 
tumor cells (5), and coccidia (15) have also been described. Postnatal development of intestinal 
T lymphocytes in chickens has been studied by Lillehoj and Chung (17). Lillehoj and Chung 
demonstrated age-related changes in the composition of T-lymphocyte subpopulations in the 
intestines of chickens. 
The protective role of secretory immunoglobulin A (sIgA) at the gut mucosal surface 
of chickens has been studied in great detail (12, 13, 14, 20, 23). The NK cell activity of chicken 
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i-IEL has also been investigated extensively (5, 15, 16, 21). There are, however, no reported 
studies on the CMI response of i-IEL in turkeys. Since development of the CMI response in the 
intestinal tract is very important in the bird, the study and characterization of the intestinal CMI 
response may prove usefial in better understanding the immune response to oral vaccines and 
enteric infections. 
The objective of this study was to examine the mitogenic responsiveness of i-IEL of 
turkeys using a nonradioactive colorimetric assay. This study was also designed to evaluate and 
compare the mitogenic responses of i-IEL in various age groups of turkeys. In addition, the 
mitogenic responses of i-IEL were compared to mitogenic responses of lymphocytes collected 
from a systemic source (peripheral blood lymphocytes) to examine possible relationships 
between local intestinal and systemic CMI response. 
MATERIALS AND METHODS 
Turkeys. One-day-old Nicholas turkey poults were purchased from a commercial 
hatchery and reared in a confined facility. The turkey poults did not receive any vaccination. All 
birds used in this study were in good health and were free from known pathogenic infectious 
agents. The birds were provided feed and water for ad libitum consumption. Depending on the 
age of the birds 6-40 birds of both sexes were euthanized using the CO2 inhalation method and 
intestines were removed for the isolation of i-IEL. 
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Media and Reagents. Medium I was prepared using RPMI 1640 medium with 25 mM 
HEPES and L Glutamine (Sigma Chemical Co., St. Louis, MO) supplemented with 5% heat-
inactivated fetal bovine serum (FBS; JRH Biosciences, Lenexa, KS), penicillin (200 u/ml), 
streptomycin (200 |ig/ml), and fungizone (0.5 |ig/ml). This medium was used as a culture 
medium for i-IEL and to prepare 1 mM disodium ethylenediaminetetraacetic acid (EDTA) 
solution. Medium 11 was identical to medium I, except that FBS was not added to this medium. 
Medium II was used as serum-free culture medium for whole blood culture, for preparing the 
2 mM dithiothreitol (DTT) solution, and for cell washing. 
Concanavalin A (Con A; Sigma Chemical Co., St. Louis, MO) and phytohemagglutinin 
P (PHA-P; Difco Laboratories, Detroit, MI) were used as T cell mitogens and 
lipopolysaccharide (LPS) from Salmonella typhirmirhim (Sigma Chemical Co., St. Louis, MO) 
was used as a B cell mitogen. Con A stock solution (10 mg/ml) was prepared in calcium-
magnesium-free phosphate-buffered saline (CMF-PBS) and filtered through a 0.22 |am syringe 
filter. PHA-P stock solution (10 mg/ml) was prepared in sterile deionized water and LPS stock 
solution (1 (ig/|il) was prepared in CMF-PBS. All stock solutions were dispensed into small 
aliquots and stored at -20°C until used. 
1 MDTT (Sigma Chemical Co, St. Louis, MO) was prepared in 0.01 M sodium acetate 
(pH 5.2), dispensed into small aliquots and stored at -20°C. The 2 mM DTT solution was used 
to remove mucus from the intestines during i-IEL isolation. MTT (3-[4,5-Dimethylthiazole-2-
yl], 2-5-diphenyitetrazolium bromide) solution was prepared by dissolving 10 mg ofMTT/ml 
of CMF-PBS and sterilized by filtering through a 0.45|im syringe filter. MTT solution was 
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stored at 4° in a dark bottle. The 1 mM EDTA solution was prepared in medium I. Ten percent 
saponin solution was prepared in PBS, filtered through a 0.45|im filter and stored at 4° C. The 
HCl-isopropanol (0.04 N HCl-isopropanol) was prepared by adding 40 ml of 1 N HCl to a liter 
of isopropanol. The HCl-isopropanol was stored at room temperature in lightproof bottles. 
Isolation of i-IEL. Turkey i-IEL were isolated by using a modification of the previously 
described techniques (2, 5, 6). The intestinal tract, fi'om duodenal loop to ileocecal junction, was 
removed immediately following euthanasia, and open longitudinally. The fat and blood vessels 
on the serosal surface were removed, intestines were cut into 10-15 cm long pieces and washed 
several times with phosphate-buffered saline (PBS). The intestinal pieces were cut again into 
1-2 cm long segments. Depending on the age of the birds, tissue samples from 3-20 birds were 
pooled, transferred to a beaker containing 2 mM DTT and shaken for 5 minutes on a shaker. 
The supernatant was discarded and the DTT treatment was repeated one more time by using 
a fresh DTT solution. The tissue segments were washed twice. The clean pieces were 
transferred to another beaker containing 1 mM EDTA and stirred gently on a magnetic stirrer 
for 30 minutes at room temperature. The supernatant was collected and the EDTA treatment 
was repeated one more time with fresh EDTA solution. The supernatant was allowed to stand 
for 10-15 minutes to remove large clumps of epithelial cells. The supernatants were pooled and 
filtered 2-3 times through media-soaked nylon wool columns using a new column each time. 
The filtrate v/as centrifijged at 1000 x g for 10 minutes and the pellet was resuspended in the 
medium II. The cellular suspension was passed through a series of hypodermic needles of 
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decreasing diameter (20,22 and 25 gauge) to obtain a single cell suspension and further purified 
by density gradient centrifugation on Lymphoprep^^ (Accurate Chemical, Westbury, NY). The 
cellular band at the medium/Lymphoprep™ interface was collected and washed twice by 
centrifugation at 1000 x g for 10 minutes. The pellet was resuspended and filtered through nylon 
wool column. The cell count and viability was determined by trypan blue dye exclusion 
•y 
technique. The i-IEL concentration was adjusted to 5x10 lymphocytes per ml. The viability of 
fi'eshly isolated i-IEL always exceeded 90%. The final i-IEL suspension contained less than 1% 
epithelial cells which were nonviable and few erythrocytes. The intestinal segments, before and 
after EDTA treatment, were fixed and stained with hematoxylin and eosin stain for histological 
examination. The final i-IEL preparation was fixed on a slide with absolute methanol and stained 
with Wright's stain to examine the morphological characteristics of the isolated cells. 
Peripheral Blood Lymphocytes (PBL). Whole blood was used as the source of PBL. 
Blood was collected from the wing vein of turkeys using a syringe containing heparin (20 
units/ml of blood) and cultured immediately after collection. 
Colorimetric Blastogenesis Microassay. Mitogenic response of i-IEL and PBL was 
measured by using a modification of previously described MTT colorimetric technique (19). A 
serial dilution of mitogens (Con A, PHA-P and LPS) was prepared in medium I (supplemented 
with 5% FBS for i-IEL culture) or medium II ( serum free medium for whole blood culture). 
The concentrations of Con A used were 0.8, 1.6, 3.12, 6.25, 12.5, 25, 50, 100, 200 and 400 
fig/ml. The concentrations of PHA-P used were 1.6, 3.12, 6.25, 12.5, 25, 50, 100, 200, 400 
and 800 ng/ml, and concentrations of LPS were 0.03, 0.06, 0.125, 0.25, 0.5, 1, 2, 4 and 8 
(ig/ml. Two hundred |il of medium containing a serial dilution of mitogen was dispensed into 
each well of a 96-well flat-bottomed tissue culture plate (Coming Laboratory Sciences Co., 
Coming, NY). Culture medium without mitogen was used as negative control. Due to uneven 
evaporation of HCl-isopropanol from peripheral wells during processing of the plate, the 
peripheral wells were not used for culturing i-IEL or PBL. The blastogenesis assay for each 
mitogen concentration was performed in triplicate. Ten [il of i-IEL (5x10^ cells/well) or whole 
blood was cultured in each well and plates were incubated at 37° C for 3 days in a humidified 
atmosphere containing 5% COj. At the end of the incubation period, 20 nl of MTT (10 mg/ml) 
was added in each well of the plate and the plate was reincubated for 3 hours. At the end of 
second incubation, the i-IEL and PBL plates were processed separately as described below. 
The i-IEL culture plates were centrifliged at 1000 x g for 10 minutes at room 
temperature. The supernatant was aspirated carefully without disturbing the cellular layer at the 
bottom of the well. One hundred fifty nl of HCl-isopropanol was dispensed in each well of the 
plate. The plate was shaken for 10 minutes on a plate shaker and the pellet was resuspended 
thoroughly using a pipetter. The plate was centrifuged at 1000 x g for 10 minutes and 110 |il 
of supernatant was transferred into corresponding wells of a new 96-well plate. One hundred 
ten pi of HCl-isopropanol was dispensed into six peripheral empty wells and used as blanks. The 
optical densities (OD) of each well was measured at a wavelength of 550 nm using an 
automated multiwell spectrophotometer (ELISA reader, BioTek, Winooski, VT). 
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The whole blood culture plates were processed as follows; The supernatant containing 
culture medium and MTT was aspirated without disturbing the cellular layer at the bottom of 
the well. One hundred fifty jil of 10% saponin was dispensed into each well of the plate. The 
plate was shaken for 20 minutes on a plate shaker and the pellets were thoroughly resuspended 
with a pipetter. The plate was centrifuged at 1000 x g for 10 minutes and the supernatant was 
aspirated without disturbing the pellet at the bottom of the well. One hundred seventy five nl 
of HCl-isopropanol was dispensed into each well and the plate was shaken for 10 minutes. The 
pellet was resuspended thoroughly with a pipetter and the plate was centrifuged one more time. 
One hundred |il of supernatant was transferred to corresponding wells of a new 96-well plate. 
One hundred |il of HCl-isopropanol was dispensed into six peripheral empty wells which were 
used as blanks. The OD were read at a wavelength of 550 nm. 
Experimental Design. Two trials were conducted to study the mitogenic responses of 
i-IEL and PBL in various age groups of turkeys. In the first trial, the mitogenic responses of 
both i-IEL and PBL to three mitogens, Con A, PHA-P and LPS, were examined using a serial 
dilution of each mitogen at 1-day, 3-days and, 1-, 2-, 4-, 10-, 16-, and 24-weeks of age. The 
mitogenic response of i-IEL was studied using a total of two i-IEL samples. Depending on the 
age of the birds, each i-IEL sample was prepared from a pool of 3-20 intestines. The mitogenic 
response of the PBL was studied using a total of two blood samples collected from the wing 
vein of ^ rV0 turkeys. Each assay was performed in triplicate. The cultured plates were processed 
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at 3 days of incubation as described in the materials and methods section. The OD of 3 wells 
were averaged and a stimulation index (SI) was calculated by the following formula: 
(mean OD of mitogen stimulated culture) - (mean OD of nonstimulated control culture) 
(mean OD of nonstimulated control culture) 
On the basis of the results obtained from the first trial, the mitogen concentration was 
selected and used for trial 2. The concentrations of Con A, PHA-P and LPS for i-IEL cultures 
were 25, 25, and 1 |Jg/ml respectively. The concentrations of Con A, PHA-P and LPS for PBL 
cultures were 50, 50, and 1 ng/ml respectively. The age groups examined in the second trial 
were the same as the first trial. The mitogenic response of i-IEL was studied using two pooled 
i-IEL samples at 1-day, 3-days and l-week and 2-weeks of age, and four pooled i-IEL samples 
at 4-, 10-, 16- and 24-weeks of age. The mitogenic response of PBL was examined using a total 
of four peripheral blood samples for each age group. The colorimetric blastogenic assay was 
performed and SI values were calculated as described above. Results from both trials were 
combined to evaluate the mitogenic responses of i-IEL and PBL in 8 age groups of turkeys. 
Stntistical Evaluation. To determine the optimum concentration of each mitogen, the 
SI values for each concentration of the first trial were averaged. Statistical analysis was 
performed using SAS statistical software (SAS Institute Inc., 1989). Statistical significance was 
expressed as significant (P<0.05), highly significant (P<0.01) or not significant (P>0.05). 
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To study the mitogenic response of i-EL and PBL in various age groups of turkeys, the 
SI values for each mitogen of both trials were combined for statistical evaluation. Thus, the 
results represent the mean of two trials. Statistical analysis was performed by using SAS 
statistical software (SAS Institute Inc., 1989). Duncan's multiple range test was used to 
determine the diflFerences in mitogenic responses of i-IEL and PBL between various age groups 
of turkeys. 
RESULTS 
Histological examination of intestinal tissue sections stained with hematoxylin and eosin 
stain revealed that tissue sections collected after EDTA treatment were devoid of an epithelial 
lining while villous structures and basement membranes were intact. Microscopic examination 
of the final i-EL preparation stained with Wright's stain revealed typical lymphoid cells with few 
erythrocytes and epithelial cells. 
Data and results of the statistical analysis for mitogenic response of i-IEL and PBL in 
various age groups of turkeys are given in Appendix (Tables 1-22). 
Mitogenic Response of i-IEL. Figures 1, 2 and 3 show the mitogenic response of i-IEL 
of 10-week-old turkeys to various concentrations of Con A, PHA-P and LPS respectively as 
determined by MTT colorimetric microassay (Appendix: Tables 1-4). The results shown in 
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Figures 1-3 are representative of results observed in other age groups examined. Figure 1 
demonstrates that Con A above 6.25 |ig/ml induced mitogenic stimulation (P<0.05) in turkey 
i-IEL (Appendix; Table 1). The maximum response of turkey i-IEL to Con A was generally 
observed at 12.5 - 25 |ig/ml. Figure 2 indicates that PHA-P above 12.5 ng/ml induced mitogenic 
stimulation and peak response was generally observed at 25 - 50 |ig/ml (Appendix: Table 2). 
Figure 3 clearly demonstrates that LPS was unable to induce mitogenic stimulation in turkey i-
lEL (Appendix: Table 3). However, low level of i-IEL response was observed at higher 
concentrations of LPS (4-8 |ig/ml) which was not statistically significant, 
Mitogenic Response of PBL. Figures 4, 5 and 6 show the mitogenic response of PBL 
of 10-week-old turkeys to various concentrations of Con A, PHA-P and LPS, respectively as 
determined by a whole blood technique (Appendix: Tables 5-8). The results shown in Figures 
4-6 are representative of results observed in other age groups examined. Con A and PHA-P 
above 12.5 |ig/ml generally induced mitogenic stimulation in turkey PBL, and maximum 
response was generally seen at 25 - 50 |ig/ml (Figures 4-5; Appendix: Tables 5-6). However, 
higher response of PBL to PHA-P was sometimes observed at higher concentration of PHA-P 
(200-800 |ig/ml). Figure 6 shows the mitogenic response of turkey PBL to various 
concentrations ofLPS (Appendix: Table 7). The data indicated that the LPS above 0.03 ng/ml 
(the lowest concentration used) induced mitogenic stimulation in turkey PBL. Generally, there 
was no difference in response between lower and higher concentration of LPS. 
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3.1 6.25 12.5 25 
Concentration of Con A (ug/ml) 
100 200 
Figure 1. Mitogenic response of i-IEL of 10-week-old turkeys to various 
concentrations of Con A as determined by using a MTT colorimetric assay. The bars 
represent the avarage stimulation index (SI) and error bars denotes the standard 
deviation. A single asterisk (*) denotes significant difference (P < 0.05) and two 
asterisks (**) denotes highly significant difference (P < 0.0J) in mitogenic response 
when compared to non Con A control groups. 
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3.12 6.25 12.5 25 SO 
Concentration of PHA-P (ug/ml) 
100 200 400 
Figure 2. Mitogenic response of i-IEL of 10-week-old turkeys to various 
concentrations of PHA-P as determined by using a MTT colorimetric assay. The bars 
represent the avarage stimulation index (SI) and error bars denotes the standard 
deviation. A single asterisk (*) denotes significant difference (P < 0.05) and two 
asterisks (**) denotes highly significant difference (P < 0.01) in mitogenic response 
when compared to non PHA-P control groups. 
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.12 .25 .5 1 
Concentration of LPS (ug/ml) 
Figure 3. Mitogenic response of i-IEL of lO-week-old turkeys to various 
concentrations of LPS as determined by using a MTT colorimetric assay. The bars 
represent the avarage stimulation index (SI) and error bars denotes the standard 
deviation. 
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1.6 3.12 6.25 12.5 25 50 
Concentration of Con A (ug/ml) 
100 200 400 
Figure 4. Mitogenic response of PBL of 10-week-old turkeys to various 
concentrations of Con A as determined by using a MTT colorimetric assay. The bars 
represent the avarage stimulation index (SI) and error bars denotes the standard 
deviation. A single asterisk (*) denotes significant difference (P < 0.05) and two 
asterisks (**) denotes highly significant difference {P < 0.01) in mitogenic response 
when compared to non Con A control groups. 
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3.12 6.25 12.5 25 50 100 
Conceatration of PHA-P (ug/ml) 
200 400 800 
Figure 5. Mitogenic response of PBL of 10-week-old turkeys to various 
concentrations of PHA-P as detemiined by using a MTT colorimetric assay. The bars 
represent the avarage stimulation index (SI) and error bars denotes the standard 
deviation. A single asterisk (*) denotes significant difference {P < 0.05) and two 
asterisks (**) denotes highly significant difference {P < 0.01) in mitogenic response 
when compared to non PHA-P control groups. 
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Figure 6. Mitogenic response of PBL of 10-week-old turkeys to various 
concentrations of LPS as determined by using a MTT colorimetric assay. The bars 
represent the avarage stimulation index (SI) and error bars denotes the standard 
deviation. Two asterisks (**) denotes highly significant difference (P < 0.01) in 
mitogenic response when compared to non LPS control groups. 
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Mitogenic Response of i-IEL in Various Age Groups of Turkeys. The results 
represent the means of two trials. Figure 7 shows the mitogenic response of i-IEL to Con A (25 
^g/ml), PHA-P (25 ng/ml) and LPS (1 ng/ml) in 8 age groups of turkeys (Appendix: Tables 9-
14 and 21). The results demonstrate that Con A and PHA-P induced mitogenic stimulation 
(P<0.05) in i-IEL of every age group of turkeys examined. A significant increase (P<0.05) in 
mitogenic response of i-IEL to both T cell mitogens from 3-days of age to 1-week of age was 
observed. The mitogenic response of i-IEL to Con A was higher (P < 0.05) at 1, 10, and 24-
weeks of age than other age intervals exan'uned. The mitogenic response of i-IEL to PHA-P was 
highest at 1-week of age after which there was a decline and plateau in i-IEL response. No 
significant differences (P > 0.05) in i-IEL responses to PHA-P between various age groups of 
turkeys were observed except at 1-week of age. LPS was unable to induce mitogenic 
stimulation in i-IEL of turkey. There were, however, low levels of mitogenic response of i-IEL 
to LPS at 1 and 10-weeks of age. 
Mitogenic Response of PBL in Various Age Groups of Turkeys. The results 
represent the means of two trials. Figure 8 shows the mitogenic response of PBL to Con A (50 
|jg/ml), PHA-P (50 ng/ml) and LPS (1 pg/ml) in 8 age groups of turkey as assessed by using 
a whole blood and aMTT colorimetric technique (Appendix: Tables 15-20 and 22). The results 
indicate that all 3 mitogens induced mitogenic stimulation (P<0.05) in PBL of all age groups 
of turkeys examined. A significant decline {P<0.05) in mitogenic response of PBL to both T cell 
mitogens was observed at 3-days of age when compared to mitogenic response at 1-day of age. 
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Age of turkeys (D=Day; W=Week) 
-O- Con A -CH— PHA-P - + - LPS 
Figure 7. Mitogenic response of i-IEL to Con A, PHA-P and LPS in 8 age groups 
of turkeys as determined by using a MTT colorimetric assay, expressed as stimulation 
index (SI). Within each treatment group, the SI with different letters indicate a 
significant difference among age groups at P < 0.05 level. 
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Figure 8. Mitogenic response of PBL to Con A, PHA-P and LPS in 8 age groups of 
turkeys as determined by using whole blood and a MTT colorimetric assay, expressed 
as stimulation index (SI). Within each treatment group, the SI with different letters 
indicate a significant difference among age groups at P < 0.05 level. 
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The mitogenic response of PBL to Con A was highest at 1-day of age and lowest at 4-weeks 
of age. There were no significant differences (P > 0.05) in mitogenic response of PBL to Con 
A among various age groups of turkeys except at 1-day and 4-weeks of age. 
The mitogenic response of PBL to PHA-P was highest at 1-day of age. No difference 
in mitogenic response of PBL to PHA-P among various age groups of turkeys were observed, 
except at 1-day of age. The mitogenic response of PBL to LPS was highest at 16-weeks of age 
and lowest at 3-days of age. There were no differences in mitogenic response of PBL to LPS 
among various age groups except at 16-week of age. 
DISCUSSION 
Results from this study demonstrated that i-IEL and PBL of turkey respond to both T 
cell mitogens, Con A and PHA-P in every age group investigated. Differences in concentrations 
of mitogens required to induce maximum response in different age groups were observed. 
However, a concentration of each mitogen was identified which was able to induce mitogenic 
response in i-IEL and PBL at any age. The results fi'om this study indicated that a concentration 
of 25 |ig/ml of either Con A or PHA-P for i-IEL and a concentration of 50 |ag/ml of either Con 
A or PHA-P for PBL induced a mitogenic response. Similarly, 1 |ig/ml of LPS induced 
mitogenic response in turkey PBL. The LPS, a B cell mitogen, was unable to induce mitogenic 
stimulation in turkey i-IEL and this was attributed to the lack of B cell in the i-IEL population. 
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The results from this study revealed some differences in mitogenic responses of both i-
TFT. and PBL among different age groups. There was an increase in mitogenic response of i-IEL 
to both Con A and PHA-P from 3-days of age to 1-week of age. In contrast, there was a sharp 
decline in mitogenic response of PBL to all three mitogens from 1-day of age to 3-days of age. 
Age-related changes in the composition of T lymphocyte subpopulation in the intestinal 
epithelium have been reported (17). The exact reason for the increase in the mitogenic response 
of i-IEL after 1 day of age is not clear. Age-associated maturation of T lymphocytes and their 
exposure to luminal antigens in the GI tract may have played a role in higher i-IEL response. 
The reason for decline in the mitogenic response of PBL after 1-day of age was not clear. 
A higher mitogenic response of i-IEL to both Con A and PHA-P was observed at 1 
week of age whereas higher mitogenic response of PBL to both mitogens was observed at 1 day 
of age. The results from this study also indicated that i-IEL and PBL reacted to both T cell 
mitogens in a similar manner. The mitogenic response induced by PHA-P provided less 
variability among age groups than the mitogenic response induced by Con A. 
The mitogenic responses of turkey i-IEL and PBL to three mitogens examined were 
similar to mitogenic responses observed in an earlier study performed by using chicken i-IEL 
and PBL (1). As in chickens, the OD of i-EEL cultures containing Con A or PHA-P were 20-50 
fold lower than the OD of PBL cultures containing the same mitogens indicating a lower level 
of cellular activity in the i-IEL than in the PBL. The mitogenic responses of both i-IEL and PBL 
to Con A and PHA-P were dose-dependent, whereas the mitogenic response of PBL to LPS did 
not seem to be dose-dependent. 
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The technique described to isolate i-IEL from chicken (1) was also suitable for collecting 
i-EL from turkey. There was comparatively less fat on the serosal surface of the intestinal tract 
of the turkeys. Therefore, less time and effort was required to process intestinal tissues of 
turkeys. However, due to a large volume of intestinal tissues in older turkeys, comparatively 
more reagents and time were required to isolate and purify i-IEL from older turkeys. 
Whole blood and MTT colorimetric techniques which were used to study the mitogenic 
response of chicken i-IEL and PBL were equally suitable to study the mitogenic response of 
turkey i-IEL and PBL. Special considerations during the processing of i-IEL cultures described 
for chicken i-IEL should also be applied for turkey i-IEL (1). 
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APPENDIX: DATA AND ANALYSES 
1. Mitogenic response of intraepithelial lymphocytes (i-IEL) to various concentrations of Con A in various age groups of 
turkeys. The values represent average stimulation index (SI) calculated by using the formula defined in the experimental 
design section. 
Age Groups 
Cone, of 
Con A" 1 day 3 day 1 week 2 week 4 week 10 week 16 week 24 week 
0.00 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.80 0.0000 0.0000 0.0000 0.0000 0.0000 0.2700 0.1900 0.6050 
1.60 0.1465 0.1050 0.0000 0.3545 0.1670 0.2850 0.3200 0.7700 
3.12 0.2250 0.2350 0.0450 0.3450 0.2950 0.4450 0,4100 1.0400 
6.25 0.8750 0.7500 0.9800 1.2100 0.6750 1.0150 0.6700 2.8000 
12.50 0,8150 0.7000 1.9700 1.2600 0.7100 1.7750 0.9150 2.5500 
25.00 1.1150 1.0300 1.7750 1.6000 0.9650 1.2100 1.5300 1.7950 
50.00 0.6350 0.5700 0.7450 0.3100 0.2000 1.0950 1.0000 1.2400 
100.00 0.3750 0.4050 0.1850 0.0280 0.0145 0.6900 0.4700 1.3800 
200.00 0.0000 0.7500 0.1700 0.0200 0.0150 0.4950 0.2550 1.3450 
" Hg/ml 
2. Mitogenic response of intraepithelial lymphocytes (i-IEL) to various concentrations of PHA-P in various age groups of 
turkeys. The values represent average stimulation index (SI) calculated by using the formula defined in the experimental 
design section. 
Age Groups 
Cone, of 
PHA-P" I day 3 day 1 week 2 week 4 week 10 week 16 week 24 week 
0.00 0.0000 0.0000 0,0000 0,0000 0.0000 0.0000 0.0000 0,0000 
1.60 0.1050 0,0000 0.0000 0,0000 0.0000 0,1900 0.0650 0,0000 
3.12 0.1550 0.0800 0.0000 0,0000 0.0000 0,1400 0.3350 0,0750 
6,25 0,4850 0.4700 0.4650 0.3095 0.1775 0,2850 0,4400 0.3800 
12.50 0.8700 0.7800 0.5650 0.3480 0.4500 0.4400 0.5600 0,7650 
25.00 1.3000 1.1650 2.2800 1.0550 0.9525 0,5950 0.8300 0.8850 
50.00 0.8050 0.7700 1.8100 1.0650 0.8350 0,9400 1.0100 1,0750 
100.00 1.2500 1.0500 0.4300 1.3100 0.7600 0,4000 0.6900 0,6150 
200.00 0.6300 0.4300 1,2950 0.6300 0.4400 0,3050 0.3700 0,6550 
400.00 0.1550 0.1400 0,0250 0.4050 0.1900 0,2400 0.2100 0,6050 
ixg/ml 
3. Mitogenic response of intraepithelial lymphocytes (i-IEL) to various concentrations of LPS in various age groups of 
turkeys. The values represent average stimulation index (SI) calculated by using the formula defined in the experimental 
design section. 
Age Groups 
Cone, of 
LPS" 1 day 3 day 1 week 2 week 4 week 10 week 16 week 24 week 
0.00 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.03 0.0000 0.0000 0.0000 0.0000 0.0000 0.0250 0.1100 0.0000 
0.06 0.0000 0.0400 0.1500 0.0000 0.0000 0.0000 0.2100 0.0000 
0.12 0.0400 0.0900 0.1500 0.1200 0,0000 0.0000 0.0000 0.0000 
0.25 0.1500 0.0450 0.3850 0.0000 0.0125 0.0000 0.0150 0.0000 
0.50 0.1000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
1.00 0.0000 0.0900 0.3500 0.2350 0.0300 0.0250 0,0150 0.0000 
2.00 0.1800 0.1000 0.0300 0.0000 0.0000 0.0250 0.0000 0.0000 
4.00 0.0000 0.1300 0.3500 0,0000 0.0000 0.1300 0.0200 0,0000 
8.00 0.0000 0.2700 0.4650 0.0450 0.1000 0.1250 0.1300 0.0000 
" ^g/tnl 
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Table 4. Analysis of Variance table for data on mitogenic response of i-IEL to various 
concentrations of Con A, PHLA-P and LPS in various age groups of turkeys. 
Degree of Sum of F Prob. 
Source Freedom Square Value > P 
Con A 
Age Groups 
Bird (Age Group) 
Concentrations 
Age Grp. * Cone. 
Error 
PHA-P 
Age Groups 
Bird (Age Group) 
Concentrations 
Age Grp. * Cone. 
Error 
LPS 
Age Groups 
Bird (Age Group) 
Concentrations 
Age Grp. * Cone. 
Error 
7 15.12473064 
8 3.30646395 
9 36.59668981 
63 10.21880454 
72 4.16368755 
7 1.57715859 
8 1.91099625 
9 24.07920466 
63 8.09690259 
72 3.72313725 
7 0.47250484 
8 0.16452625 
9 0.26397266 
63 0.82514359 
72 0.40953625 
37.36 0.0001 
7.15 0.0001 
70.32 0.0001 
2.80 0.0001 
4.36 0.0004 
4.62 0.0001 
51.74 0.0001 
2.49 0.0001 
11.87 0.0001 
3.62 0.0014 
5.16 0.0001 
2.30 0.0003 
Table 5. Mitogenic response of peripheral blood lymphocytes (PBL) to various concentrations of Con A in various age groups of 
turkeys. The values represent average stimulation index (SI) calculated by using the formula defined in the experimental 
design section. 
Age Groups 
Cone, of 
Con A" 1 day 3 day 1 week 2 week 4 week 10 week 16 week 24 week 
0.00 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
1.60 0.0150 0.1050 0.0950 0.0680 0.0250 0.0720 0.0500 0.0150 
3.12 0.0000 0.0650 0.1100 0.1050 0.1000 0.0625 0.0850 0.0250 
6.25 0.0000 0.1000 0.2050 0.2600 0.2150 0.1115 0.1100 0.1750 
12.50 0.1165 0.4700 0.6100 0.5750 0.4780 0.4150 1.0450 0.5450 
25.00 2.9000 0.8500 1.0700 1.3000 0.6160 0.6150 2.0200 0.7100 
50.00 2.9350 0.9600 0.9500 1.5850 0.6115 1.0950 1.9800 0.7000 
100.00 2.8600 0.4850 0.9500 0.8000 1.0980 0.7350 1.6800 0.4800 
200.00 2.9500 0.3950 1.0500 0.3750 0.9135 0.5500 1.2750 0.2650 
400.00 1.8200 0.0000 0.5800 0.3200 0.4075 0.3250 0.7800 0.1350 
® pg/ml 
Table 6. Mitogenic response of peripheral blood lymphocytes (PBL) to various concentrations of PHA-P in various age groups of 
turkeys. The values represent average stimulation index (SI) calculated by using the formula defined in the experimental 
design section. 
Age Groups 
Cone, of 
PHA-P" 1 day 3 day 1 week 2 week 4 week 10 week 16 week 24 week 
0.00 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
3.12 0.0100 0.2000 0.1300 0.1500 0.2575 0.0600 0.0500 0.0150 
6.25 0.0250 0.2200 0.2300 0.3100 0.2865 0.1500 0.1500 0.0200 
12.50 0.4200 0.7600 0.5050 0.5100 0.5450 0.2700 0.4050 0.0600 
25.00 2.5750 0.7650 0.7950 1.2350 0.6545 0.3450 0.8500 0.3950 
50.00 1.7800 0.8050 0.7000 0.5200 0.3200 0.4300 1.4050 0.4650 
100.00 1.7500 0.8900 0.6800 0.5850 0.1880 0.4000 1.4700 0.3250 
200.00 1.4900 1.1650 0.7500 0.4500 0.3530 0.6250 1.3450 0.2400 
400.00 1.9100 1.3500 0.8150 0.6500 0.4950 0.6800 1.0100 0.2600 
800.00 2.6950 1.1300 0.8250 0.4600 0.6470 0.6850 0.9450 0.2000 
Hg/ml 
Table 7. Mitogenic response of peripheral blood lymphocytes (PBL) to various concentrations of LPS in various age groups of 
turkeys. The values represent average stimulation index (SI) calculated by using the formula defined in the experimental 
design section. 
Age Groups 
Cone, of 
LPS" 1 day 3 day 1 week 2 week 4 week 10 week 16 week 24 week 
0.00 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.03 0.6800 0.2450 0.4950 0.4000 0.6010 0.4350 0.9000 0.3750 
0.06 0.6300 0.2800 0.5750 0.4550 0.5860 0.5150 1.1500 0.4050 
0.12 0.7850 0.3400 0.5400 0.4600 0.5380 0.6750 1.2150 0.3700 
0.25 0.7550 0.2750 0.5400 0.4350 0.5580 0.5500 1.3600 0.3300 
0.50 0.8000 0.3050 0.5900 0.4300 0.5415 0.5550 1.4250 0.4150 
1.00 0.9050 0.3100 0.6150 0.5100 0.5510 0.6000 1.5000 0.4300 
2.00 1.0100 0.3000 0.6200 0.7000 0.4935 0.6450 1.4700 0.4300 
4.00 1.2700 0.4250 0.7050 0.8050 0.7480 0.8000 1.7650 0.4450 
8.00 1.5150 0.5900 0.6650 1.1250 0.9495 0.8300 1.8300 0.5700 
Hg/ml 
94 
Table 8. Analysis of Variance table for data on mitogenic response of peripheral blood 
lymphocytes (PBL) to various concentrations of Con A, PHA-P and LPS in 
various age groups of turkeys. 
Degree of Sum of F Prob. 
Source Freedom Square Value >P 
Con A 
Age Groups 7 17.81587987 28.48 0.0001 
Bird (Age Group) 8 4.78504050 6.69 0.0001 
Concentrations 9 41.23668425 51.27 0.0001 
Age Grp. * Cone. 63 25.23560225 4.48 0.0001 
Error 72 6.43436650 
PHA-P 
Age Groups 7 15.38234439 39.52 0.0001 
Bird (Age Group) 8 2.64981905 5.96 0.0001 
Concentrations 9 20.13989838 40.25 0.0001 
Age Grp. * Cone. 63 15.86066567 4.53 0.0001 
Error 72 4.00331245 
LPS 
Age Groups 7 12.74728870 121.49 0.0001 
Bird (Age Group) 8 3.68177020 30.70 0.0001 
Concentrations 9 9.97101415 73.91 0.0001 
Age Grp. * Cone. 63 2.88926905 3.06 0.0003 
Error 72 1.07923180 
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Table 9. Mitogenic response of intestinal intraepithelial lymphocytes (i-EEL) to Con A in 8 age 
groups of turkys. The values represent stimulation index (SI) calculated by the formula 
defined in the experimental design section. Each SI value is average of 2-4 samples. 
Stimulation Index (SI) 
Age Groups Expt.l Expt.2 Average Std.Dev. 
1 day 1.115 0.970 1.042 0.072 
3 day 1.030 0.850 0.940 0.090 
1 week 1.775 1.340 1.557 0.217 
2 weeks 1.275 0.995 1.135 0.140 
4 weeks 0.710 1.315 1.012 0.302 
10 weeks 1.775 1.367 1.571 0.204 
16 weeks 0.915 0.857 0.886 0.029 
24 weeks 2.550 1.207 1.878 0.671 
Table 10. Analysis of Variance table for data on mitogenic response of i-IEL to Con A in 8 age 
gropus of turkeys. 
Source 
Degree of 
Freedom 
Sum of 
Square 
Mean 
Square 
F 
Value 
Prob. 
>P 
Experiments 1 0.627508 0.627508 9.35 0.0054 
Age 7 3.421577 0.488796 7.28 0.0001 
Expt * Age 7 2.690051 0.384293 5.73 0.0006 
Bird (Expt * Age) 24 1.610470 0.067102 
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Table 11. Mitogenic response of intestinal intraepithelial lymphocytes (i-IEL) to PHA-P in 8 age 
groups of turkys. The values represent stimulation index (SI) calculated by the formula 
defined in the experimental design section. Each SI value is average of 2-4 samples. 
Stimulation Index (SI) 
Age Groups Expt.l Expt.2 Average StdDev. 
1 day 1.245 0.910 1.077 0.167 
3 day 1.165 0.860 1.012 0.152 
1 week 2.280 1.170 1.725 0.555 
2 wrecks 1.055 0.905 0.980 0.075 
4 weeks 0.952 0.895 0.923 0.028 
10 weeks 0.595 1.075 0.835 0.240 
16 weeks 0.830 1.092 0.961 0.131 
24 weeks 0.885 1.574 1.229 0.345 
Table 12. Analysis of Variance table for data on mitogenic response of i-EEL to PHA-P in 8 age 
groups of turkeys. 
Source 
Degree of 
Freedom 
Sum of 
Square 
Mean 
Square 
F 
Value 
Prob. 
>P 
Experiments 1 0.010257 0.010257 0.09 0.7616 
Age 7 2.467253 0.352464 3.24 0.0146 
Expt * Age 7 2.496727 0.356675 3.28 0.0138 
Bird (Expt * Age) 24 2.613486 0.108895 
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Table 13. Mitogenic response of intestinal intraepithelial lymphocytes (i-EEL) to LPS in 8 age 
groups of turkys. The values represent stimulation index (SI) calculated by the formula 
defined in the experimental design section. Each SI value is average of 2-4 samples. 
Stimulation Index (SI) 
Age Groups Expt.l Expt.2 Average Std.Dev. 
1 day 0.000 0.000 0.000 0.000 
3 day 0.090 0.000 0.045 0.045 
1 week 0.350 0.165 0.257 0.092 
2 weeks 0.170 0.000 0.085 0.085 
4 weeks 0.030 0.000 0.015 0.015 
10 weeks 0.025 0.290 0.157 0.132 
16 weeks 0.015 0.007 0.011 0.004 
24 weeks 0.000 0.000 0.000 0.000 
Table 14. Analysis of Variance table for data on mitogenic response of i-IEL to LPS in 8 age 
groups of turkeys. 
Degree of Sum of Mean F Prob. 
Source Freedom Square Square Value >P 
Experiments 1 0.004506 0.004506 0.79 0.3835 
Age 7 0.337725 0.048246 8.44 O.OOOl 
Expt*Age 7 0.163983 0.023426 4.10 0.0043 
Bird (Expt * Age) 24 0.137225 0.005717 
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Table 15. Mitogenic response of peripheral blood lymphocytes (PBL) to Con A in 8 age groups 
of turkys. The values represent stimulation index (SI) calculated by the formula 
defined in the experimental design section. Each SI value is average of 2-4 samples. 
Stimulation Index (SI) 
Age Groups Expt.l Expt.2 Average Std.Dev. 
1 day 2.935 2.292 2.613 0.321 
3 day 0.960 1.425 1.192 0.232 
1 week 0.950 1.110 1.030 0.080 
2 weeks 1.585 1.052 1.318 0.266 
4 weeks 0.609 0.785 0.697 0.088 
10 weeks 1.095 1.462 1.278 0.183 
16 weeks 1.980 1.484 1.732 0.248 
24 weeks 0.700 1.726 1.213 0.513 
Table 16. Analysis of Variance table for data on mitogenic response of peripheral blood 
lymphocytes (PBL) to Con A in 8 groups of turkeys. 
Degree of Sum of Mean F Prob. 
Source Freedom Square Square Value >P 
Experiments 1 0.045762 0.045762 0.29 0.5930 
Age 7 11.444711 1.634958 10.42 0.0001 
Expt * Age 7 3.158970 0.451281 2.87 0.0190 
Bird (Expt * Age) 32 5.023099 0.156971 
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Table 17. Mitogenic response of peripheral blood lymphocytes (PBL) to PHA in 8 age groups 
of turkys. The values represent stimulation index (SI) calculated by the formula 
defined in the experimental design section. Each SI value is average of 2-4 samples. 
Stimulation Index (SI) 
Age Groups Expt.l Expt.2 Average Std.Dev. 
1 day 1.780 1.725 1.752 0.027 
3 day 0.990 1.040 1.015 0.025 
1 week 0.700 0.970 0.835 0.135 
2 weeks 0.520 1.152 0.836 0.316 
4 weeks 0.188 1.644 0.916 0.728 
10 weeks 0.400 1.017 0.708 0.308 
16 weeks 1.470 1.129 1.299 0.170 
24 weeks 0.325 1.298 0.811 0.486 
Table 18. Analysis of Variance table for data on mitogenic response of peripheral blood 
lymphocytes (PBL) to PHA-P in 8 age groups of turkeys. 
Degree of Sum of Mean F Prob. 
Source Freedom Square Square Value >P 
Experiments I 2.164802 2.164802 17.91 0.0002 
Age 7 3.695598 0.527942 4.37 0.0017 
Expt * Age 7 3.228283 0.461183 3.82 0.0040 
Bird (Expt * Age) 32 3.866900 0.120840 
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Table 19. Mitogenic response of peripheral blood lymphocytes (PBL) to LPS in 8 age groups 
of turkys. The values represent stimulation index (SI) calculated by the formula 
defined in the experimental design section. Each SI value is average of 2-4 samples. 
Stimulation Index (SI) 
Age Groups Expt.l Expt.2 Average Std.Dev. 
1 day 0.905 0.762 0.833 0.071 
3 day 0.310 0.632 0.471 0.161 
1 week 0.615 0.980 0.797 0.182 
2 weeks 0.508 1.033 0.770 0.262 
4 weeks 0.551 0.985 0.768 0.217 
10 weeks 0.600 1.019 0.809 0.209 
16 weeks 1.500 1.486 1.493 0.007 
24 weeks 0.430 1.443 0.936 0.506 
Table 20. Analysis of Variance table for data on mitogenic response of peripheral blood 
lymphocytes (PBL) to LPS in 8 age groups of turkeys. 
Degree of Sum of Mean F Prob. 
Source Freedom Square Square Value >P 
Experiments 1 1.423988 1.423988 13.06 0.0010 
Age 7 3.263659 0.466237 4.27 0.0020 
Expt * Age 7 1.141759 0.163108 1.50 0.2043 
Bird (Expt * Age) 32 3.490313 0.109072 
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Table 21. Duncan's multiple range comparisons between mitogenic response of intraepithelial 
lymphocytes (i-EEL) to Con A, PHA-P, and LPS in 8 age groups of turkeys. Mean 
SI values for each mitogen with different superscripts indicate significant difference 
at P < 0.05 level. 
Mean SI Mean SI Mean SI 
Age groups for Con A for PHA-P for LPS 
1 day 1.0425'' 1.0775" o.oooo' 
3 day 0.9400*' 1.0125*' 0.0450* 
1 week 1.5575" 1.7250" 0.2575' 
2 week 1.1350*' 0.9800*' 0.0850* 
4 week 1.0125*' 0.9237*' 0.0150' 
10 week 1.5712" 0.8350*' 0.1575' 
16 week 0.8862*' 0.9612*' 0.0112' 
24 week 1.8786" 1.2297"'*" o.oooo' 
Table 22. Duncan's multiple range comparisons between mitogenic response of peripheral blood 
lymphocytes (PBL) to Con A, PHA-P, and LPS in 8 age groups of turkeys. Mean 
SI values for each mitogen with different superscripts indicate significant difference 
at P < 0.05 level. 
Mean SI Mean SI Mean SI 
Age groups for Con A for PHA-P for LPS 
1 day 2.6137' 1.7525" 0.8337^'" 
3 day 1.1925''-' 1.0150*' 0.4712^" 
Iweek 1.0300"-'' 0.8350'' 0.7975*''" 
2 week 1.3185''-' 0.8363*' 0.7708''-' 
4 week 0.6976'' 0.9162*' 0.7680'''" 
10 week 1.2787*'-" 0.7088*' 0.8098*''" 
16 week 1.7322*' 1.2995*' 1.4931'' 
24 week 1.2131*''" 0.8115*' 0.9366"'*' 
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IMMUNOSUPPRESSIVE EFFECTS OF INFECTIOUS BURSAL 
DISEASE VIRUS ON CHICKEN INTESTINAL INTRAEPITHELIAL 
AND PERIPHERAL BLOOD LYMPHOCYTES 
Manuscript for submission to Avian Diseases 
P. K. Agrawal and D. L. Reynolds 
SUMMARY 
The immunosuppressive effects induced by a vaccine and a highly virulent strain of 
IBDV on the intestinal and peripheral blood lymphocytes were assessed using the intestinal 
intraepithelial lymphocytes (i-IEL) and peripheral blood lymphocytes (PEL) from susceptible 
specific pathogen-fi'ee (SPF) chickens. Groups of 10, 3-week-old SPF chickens were inoculated 
with either a commercial IBD vaccine or the standard challenge (STC) strain of IBDV. Another 
group of 10 birds from the same hatch was left uninoculated and served as negative controls. 
The mitogenic reactivity of PBL to T (Con-A and PHA-P) and B (LPS) cell mitogens was 
examined at days 0, 3 and 5 post-inoculation (PI). The mitogenic reactivity of i-IEL to T and 
B cell mitogens and bursa-weight to body-weight (BB) ratio were evaluated at day 5 PI. The 
results from this study suggest that neither the vaccine strain nor the STC strain of IBDV 
induced suppression of i-IEL response to T cell mitogens. Due to the variation in results 
between two trails, the immunosuppressive effect of IBDV on peripheral T lymphocytes was 
inconclusive. Both vaccine and STC strains of IBDV induced significantly lower PBL response 
to LPS and bursal atrophy when compared to negative control birds. The immunosuppressive 
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effect of IBDV was significantly greater in the STC group than the vaccine group. Although 
IBDV has been shown to induce suppression in proliferative response of peripheral blood and 
spleen lymphocytes, it did not induce suppression in proliferative response of chicken i-IEL. The 
results from BB ratio and whole blood blastogenesis assay indicated that the whole blood 
blastogenesis assay can be used to determine the immunosuppressive effects of IBDV. 
Keywords: gut-associated lymphoid tissue; infectious bursal disease, intestinal 
intraepithelial lymphocytes; mitogenic response; cell-mediated immune response. 
Abbreviations: BB = bursa-weight to body-weight; CM! = cell-mediated immunity; 
Con A = concanavalin A; DTT = dithiothreitol; EDTA = ethylenediaminetetraacetic acid; FBS 
= fetal bovine serum; GALT = gut-associated lymphoid tissue; GI = gastrointestinal; IBD = 
infectious bursal disease; i-IEL = intestinal intraepithelial lymphocytes; LPS = 
lipopolysaccharide; MTT = (3-[4,5-Dimethylthiazole-2-yl], 2-5-diphenyltetrazolium bromide); 
NK = natural killer; OD = optical density; PBL = peripheral blood lymphocytes; PBS = 
phosphate-buffered saline; PHA-P = phytohemagglutinin P; PI = post infection; SI = stimulation 
index; SPF = specific pathogen-free; STC = standard challenge strain. 
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INTRODUCTION 
Infectious bursal disease (IBD) is a highly contagious immunosuppressive disease of 
chickens. Although IBD virus (IBDV) primarily affects the humoral immune response (1, 9, 21), 
immunosuppression in the systemic cell-mediated immune response has also been reported in 
chickens. Cell-mediated immunosuppression includes decrease in responses such as lymphocyte 
transformation to T cell mitogens, skin allograft rejection, mixed lymphocyte reaction, and 
antibody response to sheep red blood cells, a T cell dependent antigen (6, 7, 12, 21, 27). A 
severe suppression in the proliferative response of normal chicken peripheral blood lymphocyte 
to Con A (9, 12, 27) and PHA-P (27) and transient depression in proliferative response of 
spleen lymphocytes (25) and peripheral blood lymphocytes (PBL) to PHA-P (6) in IBDV 
infected chickens have been reported. The total number of T lymphocytes in peripheral blood 
has been reported to be lower in IBDV infected birds which was suggested to be the possible 
cause for suppression of T cell flinction (26). However, detectable difference in normal 
proportion of CD3^, CD4^, CDS' and CD3^, CD4' ,CD8^ bearing T cells in the peripheral 
blood, spleen and thymus was not observed at any time during the course of the IBDV infection 
(5, 22). A soluble factor released by macrophage-like suppressor cells has been suggested to 
cause the mitogenic hyporesponsiveness of the T cells in IBDV-infected birds (24, 25). The 
effect of IBDV on natural killer (NK) cell activity of chickens was found not to be consistent 
(25). 
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The gastrointestinal (GI) tract is a major portal of entry for IBDV and a common route 
for IBD vaccination in poultry. Studies in bursectomized and nonbursectomized chickens show 
that following oral inoculation, initial viral replication occurs in the gut-associated lymphoid 
tissue (GALT) (11). IBDV has been detected in the lymphoid cells and the macrophages of the 
intestines within 4-5 hours after oral exposure (18, 19). Intestinal intraepithelial lymphocytes 
(i-EEL) represent a large population of T lymphocytes which are predominantly CD3^, CD4", 
CD8^ T cells (3, 20, 23). Since i-IEL are located between epithelial cells lining the villi of the 
intestinal tract, they may represent a first line of host defense against infectious pathogens (14, 
16, 23). Although IBDV-induced immunosuppression in the systemic CMI response has been 
studied extensively (5, 6, 12, 25, 27), immunosuppressive effects of IBDV on the local CMI 
response in the intestinal tract have not been reported. 
The objectives of this study were to determine whether IBDV suppresses the mitogenic 
response of i-IEL and to examine potential relationships between mitogenic responses of i-IEL, 
PBL and bursa-weight to body-weight (BB) ratio. The effects of a highly pathogenic challenge 
strain and a vaccine strain of IBDV were also compared. 
MATERIALS AND METHODS 
Chickens. Specific pathogen-free (SPF) white leghorn chickens were hatched from SPF 
eggs ( Hy-Vac, Gowrie, lA) and housed in a facility designed to maintain SPF status. Feed and 
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water were provided for ad libUim consumption. Three-week-old SPF chickens of both sexes 
were used for this study. 
Virus. The standard challenge (STC) strain of EBDV was obtained from the National 
Veterinary Services Laboratories (Ames, lA) and administered by intraocular and oral routes 
(10- EIDjo per bird). A live IBD vaccine was obtained fi-om a commercial source and 
administered by the same routes as the STC strain of IBD V at the dose recommended by the 
manufacturer. 
Media and Reagents. Medium I was prepared using RPMI 1640 medium with 25 mM 
HEPES and L Glutamine (Sigma Chemical Co., St. Louis, MO) supplemented with 5% heat-
inactivated fetal bovine serum (FBS; IRH Biosciences, Lenexa, KS), penicillin (200 u/ml), 
streptomycin (200 |ig/ml), and fiingizone (0.5 ng/ml). This medium was used as a culture 
medium for i-IEL. Medium II was identical to medium I, except that FBS was not added to this 
medium. Medium II was used as serum free culture medium for whole blood cuhure, for 
preparing the 2 mM dithiothreitol (DTT) solution, and cell washing. Con A (Sigma Chemical 
Co., St. Louis, MO) and PHA-P (Difco Laboratories, Detroit, MI) were used as T cell mitogens 
and lipopolysaccharide (LPS) from Salmonella typhinnirium (Sigma Chemical Co., St. Louis, 
MO) was used as a B cell mitogen. Con A stock solution (10 mg/ml) was prepared in calcium-
magnesium-free phosphate-buffered saline (CMF-PBS) and filtered through a 0.22|im syringe 
filter. PHA-P stock solution (lOmg/ml) was prepared in sterile deionized water and LPS stock 
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solution (lng/|il) was prepared in CMF-PBS. All stock solutions were dispensed into small 
aliquots and stored at -20*^0 until used. 1 M DTT (Dithiothreitol, Sigma Chemical Co, St. 
Louis, MO) was prepared in 0.01 M sodium acetate (pH 5.2), dispensed into small aliquots and 
stored at -20°C. The 2 mM DTT solution was used to remove mucus from the intestines during 
i-EEL isolation. MTT (3-[4,5-Dimethylthiazole-2-yl], 2-5-diphenyltetrazolium bromide; Sigma 
Chemical Co., St. Louis, MO) solution was prepared by dissolving 10 mg of MTT/ml of CMF-
PBS and sterilized by filtering through a 0.45 jam syringe filter. MTT solution was stored at 4° 
in a dark bottle. The 1 mM EDTA solution was prepared in medium I. Ten percent saponin 
solution was prepared in PBS, filtered through a 0.45nm filter and stored at 4° C. The HCl-
isopropanol (0.04 N HCl-isopropanol) was prepared by adding 40 ml of 1 N HCl to one liter 
of isopropanol. The HCl-isopropanol was stored at room temperature in lightproof bottles. 
Isolation of i-IEL. Chicken i-IEL were isolated by using a modification of the 
previously described techniques (2, 4, 8). The intestinal tract, from duodenal loop to ileocecal 
junction, was removed immediately following euthanasia and open longitudinally. The fat and 
blood vessels on the serosal surface were removed, intestines were cut into 10-15 cm long 
pieces and washed several times with PBS. The intestinal pieces were cut again into 1-2 cm long 
segments. Tissue samples from 5 birds were pooled, transferred to a beaker containing 2 mM 
DTT and shaken for 5 minutes on a shaker. The supernatant was discarded and the DTT 
treatment was repeated one more time using a fresh DTT solution. The tissue segm.ents were 
washed twice. The clean pieces were transferred to another beaker containing 1 mM EDTA and 
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stirred gently on a magnetic stirrer for 30 minutes at room temperature. The supernatant was 
collected and the EDTA treatment was repeated one more time with fresh EDTA solution. The 
supernatant was allowed to stand for 10-15 minutes to remove large clumps of epithelial cells. 
The supematants were pooled and filtered 2-3 times through media-soaked nylon wool column 
using a new column each time. The filtrate was centrifuged at 1000 x g for 10 minutes and the 
pellet was resuspended in the medium II. The cellular suspension was passed through a series 
of hypodermic needles of decreasing diameter (20, 22 and 25 gauge) to obtain a single cell 
suspension and further purified by density gradient centrifiigation on Lymphoprep™ (Accurate 
Chemical, Westbury, NY). The cellular band at the medium/Lymphoprep™ interface was 
collected and washed twice by centrifijgation at 1000 x g for 10 minutes. The pellet was 
resuspended and filtered through nylon wool column. The cell count and viability was 
determined by trypan blue dye exclusion technique. The i-IEL concentration was adjusted to 
5xl0' lymphocytes per ml. The viability of freshly isolated i-IEL always exceeded 90%. The 
final i-IEL suspension contained less than 1% epithelial cells which were nonviable and few 
erythrocytes. 
Peripheral Blood Lymphocytes (PBL) . Whole blood was used as the source of PBL. 
Blood (0.5 ml per bird) was collected fi-om the wing vein of chickens using a syringe containing 
heparin (20 units/ml of blood) and cultured immediately after collection. 
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Colorimetric Blastogenesis Assay. Mitogenic response of i-IEL and PBL was 
measured by a modification of previously described MTT colorimetric technique (17). Mitogens 
(Con A, PHA-P and LPS) were prepared in medium I (supplemented with 5% FBS for i-IEL 
culture) or medium n (serum fi-ee medium for whole blood culture). The concentration of Con 
A, PHA-P and LPS for i-IEL mitogenic assay were 25, 50 and 0.25 |ig/ml of media, 
respectively. The concentration of Con A, PHA-P and LPS for whole blood mitogenic assay 
were 50, 50 and 0.25 ng/ml of media, respectively. Two hundred |il of media containing 
mitogens were dispensed into each well of a 96-well flat-bottomed tissue culture plate (Coming 
Laboratory Sciences Co., Coming, NY). Culture medium without mitogen was used as negative 
control. Due to uneven evaporation of HCl-isopropanol fi'om peripheral wells during processing 
of the plate, the peripheral wells were not used for culturing i-EEL or PBL. The blastogenic 
assay for each mitogen concentration was performed in triplicate. Ten |il of i-IEL (5x10^ 
cells/well) or whole blood was cultured in each well and plates were incubated at 37° C for 3 
days in a humidified atmosphere containing 5% COj. At the end of the incubation period, 20 
(il of MTT (lOmg/ml) was added in each well of the plate and the plate was reincubated for 3 
hours. At the end of second incubation, the i-IEL and PBL plates were processed separately as 
described below. The i-IEL culture plates were centrifliged at 1000 x g for 10 minutes at 
room temperature. The supematant was aspirated carefully without disturbing the cellular layer 
at the bottom of the well. One hundred fifty |il of HCl-isopropanol was dispensed into each well 
of the plate. The plate was shaken for 10 minutes on a plate shaker and the pellet was 
resuspended thoroughly using a pipetter. The plate was centrifiaged at 1000 x g for 10 minutes 
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and 110 |il of supernatant was transferred into corresponding wells of a new 96-well plate. One 
hundred ten |il of HCl-isopropanol was dispensed into six peripheral empty wells and used as 
blanks. The optical densities (OD) of each well was measured at a wavelength of 550 nm using 
an automated multiwell spectrophotometer (ELISA reader, BioTek, Winooski, VT). 
The whole blood culture plates were processed as follows: The supernatant containing 
culture medium and MTT was aspirated without disturbing the cellular layer at the bottom of 
the well. One hundred fifty |il of 10% saponin was dispensed into each well of the plate. The 
plate was shaken for 20 minutes on a plate shaker and the pellets were thoroughly resuspended 
with a pipetter. The plate was centrifliged at 1000 x g for 10 minutes and the supernatant was 
aspirated without disturbing the pellet at the bottom of the well. One hundred seventy five (il 
of HCl-isopropanol was dispensed into each well and the plate was shaken for 10 minutes. The 
pellet was resuspended thoroughly with a pipetter and the plate was centrifiiged one more time. 
One hundred |il of supernatant was transferred to corresponding wells of a new 96-well plate. 
One hundred ^1 of HCl-isopropanol was dispensed into six peripheral empty wells which were 
used as blanks. The OD were measured at a wavelength of 550 nm. 
Experimental Design. Two trials were conducted to study the immunosuppressive 
effects of IBDV on i-IEL and PBL of chickens. Thirty 3-week-old SPF chickens were divided 
into 3 groups of 10 birds each and placed into separate rooms. Group 1 served as the uninfected 
controls. Group 2 (vaccine group) was given a commercial live IBDV vaccine by intraocular 
and oral routes at the dose recommended by the manufacturer, and Group 3 (STC group) was 
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given 10^ EIDjo STC strain of IBDV by the same routes as group 2. 
At 0, 3 and 5 days post-inoculation (PI), 0.5 ml of blood was collected from the wing 
vein of each bird using a tuberculin syringe containing heparin (20 units per ml of blood). At 
5 days PI, birds were weighed and euthanized. Bursas were removed, weighed, and a BB ratio 
was calculated for each bird by the following formula: 
bursa weight 
BB Ratio = x 100 
body weight 
The intestinal tract was removed for i-IEL isolation. Mitogenic response of i-IEL was 
studied using 2 samples from each group. Each i-IEL sample was prepared from a pool of 5 
intestines. Mitogenic responses of whole blood collected from each bird at 0, 3 and 5 days PI 
were also examined. The cultured plates were processed as described in the materials and 
methods section. The OD of 3 wells were averaged and a stimulation index (SI) was calculated 
by the following formula: 
(mean OD of mitogen stimulated culture) - (mean OD of nonstimulated control culture) 
mean OD of nonstimulated control culture 
The second trial was conducted same as the first trial. 
Statistical Evaluation. The SI values were averaged for statistical evaluation. The 
results represent the means of two trials. The average mitogenic responses of i-IEL and PBL 
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of birds inoculated with vaccine and STC strains of IBDV were compared with those of 
uninoculated control groups using SAS statistical software (SAS Institute Inc., Cary, N.C.). 
Duncan's multiple range test was used to determine the differences in mitogenic response among 
control, vaccine and STC groups. The average BB ratios of vaccine and STC groups were also 
compared with those of uninoculated control group. Duncan multiple range test was used to 
determine the differences in BB ratio among control, vaccine and STC groups. 
RESULTS 
The chickens inoculated with the STC strain of IBDV showed clinical signs consistent 
with IBD including ruffled feathers, vent picking, diarrhea and dehydration. On necropsy, at 5 
days PI, the bursa of Fabricius was smaller in size in the STC group than in vaccine and 
uninoculated control groups. The serosal surface of the bursa was covered with gelatinous 
transudate and bursal hemorrhage was observed in some of the birds in the STC group. 
Petechial hemorrhages in breast and thigh muscles were also observed. No detectable clinical 
signs or gross pathologic changes were observed in chickens in the vaccine and control groups. 
Data and resuhs of the statistical analysis for mitogenic response of i-IEL and PBL, and 
BB ratio of control, vaccine and STC groups of chickens are given in Appendix (Tables 1-15). 
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Effect of EBDV on Mitogenic Response of i-IEL. Figure 1 shows the mitogenic 
response of i-IEL to T (Con A and PHA-P), and B (LPS) cell mitogens at 5 days PI in 3 groups 
of chickens. Data and analysis of variance (ANOVA) tables for the mitogenic response of i-IEL 
in 3 groups of chickens are given in Appendix (Tables 1-6). A significant i-IEL response (P < 
0.01) to both T cell mitogens was observed in all 3 groups of chickens. Although the mitogenic 
responses to both Con A and PHA-P in vaccine and STC groups were lower than the mitogenic 
response of i-IEL in the uninoculated control group, the differences were not significant (P > 
0.05). The results in figure 1 also shows that LPS was unable to induce a mitogenic stimulation 
in i-IEL of any of the three groups of chicken. 
Effect of IBDV on PBL Response to Con A. Figure 2 demonstrate the mitogenic 
response of PBL to Con A at 0, 3, and 5 days PI in all 3 groups of chickens (Appendix: Table 
7). The results show that at 3 days PI, the average mitogenic responses of PBL to Con A in 
vaccine and STC groups were significantly lower {P < 0.05) than the mitogenic response of 
PBL in the uninoculated control group. The mitogenic response of PBL to Con A was lower 
in the STC group than in the vaccine group at 3 days PI. The mitogenic responses of PBL to 
Con A in both IBDV inoculated birds were also lower at 5 days PI, however, the differences 
were not significant (P >0.05), 
Effect of IBDV on PBL Response to PBA-P. Figure 3 shows that mitogenic response 
of PBL to PHA-P at 0, 3, and 5 days PI in 3 groups of chickens (Appendix: Table 8). The 
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Figure 1, Mitogenic response of i-IEL to Con A, PHA-P and LPS at 5 days post 
infection (PI) in IBDV infected (vaccine or STC strain) and uninfected control 
chickens. The mitogenic response of i-IEL was determined by MTT colorimetric 
assay. The bars represent the average stimulation index (SI) and error bars denote the 
standard deviation. The SI for each mitogen with different letters indicate a significant 
difference at P < 0.05 level. 
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Figure 2. Mitogenic response of PBL to Con A at 0, 3 and 5 days post infection (PI) 
in IBDV infected (vaccine or STC strain) and uninfected control chickens. The 
mitogenic response of PBL was determined by whole blood MTT colorimetric assay. 
The bars represent the average stimulation index (SI) and error bars denote the 
standard deviation. The SI for each period with different letters indicate a significant 
difference at P < 0.05 level. 
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Figure 3. Mitogenic response of PEL to PHA-P at 0, 3 and 5 days post infection (PI) 
in IBDV infected (vaccine or STC strain) and uninfected control chickens. The 
mitogenic response of PEL was determined by whole blood MIT colorimetric assay. 
The bars represent the average stimulation index (SI) and error bars denote the 
standard deviation. The SI for each period with different letters indicate a significant 
difference at P < 0.05 level. 
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results indicate that the average PBL responses were lower in both vaccine and STC groups 
than the PBL response in the uninoculated control group both at 3 and 5 days PI, however, the 
differences in PBL response were not significant (P < 0.05). 
Effect of IBDV on B-cell Response. Figure 4 shows the mitogenic response of PBL 
to LPS (B-cell mitogen), at 0, 3, and 5 days PI in all 3 groups of chickens (Appendix: Table 9). 
The results demonstrate that LPS induced significantly lower PBL response (P<0.05) in the 
STC group than in the uninoculated control group both at 3 and 5 days PI. The mitogenic 
response in the vaccine group was significantly lower than the control group at 3 days PI but 
not at 5 days PI. 
Effect of IBDV on Bursa of Fabricius. Figure 5 shows the average BB ratio in 3 
groups of chickens at 5 days PI (Appendix: Table 14). The mean BB ratio of the control, 
vaccine and STC groups were 0.53, 0.45 and 0.28 respectively. The BB ratio of both vaccine 
and STC groups were lower than the uninoculated control group. The BB ratio was significantly 
lower in STC group than in the vaccine group. 
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Figure 4. Mitogenic response of PBL to LPS at 0, 3 and 5 days post infection (PI) 
in IBDV infected (vaccine or STC strain) and uninfected control chickens. The 
mitogenic response of PBL was determined by whole blood MTT colorimetric assay. 
The bars represent the average stimulation index (SI) and error bars denote the 
standard deviation. The SI for each period with different letters indicate a significant 
difference at P < 0.05 level. 
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Figure 5. Bursa-weight to body-weight (BB) ratio at 5 days post infection (PI) in 
IBDV infected (vaccine or STC strain) and uninfected control chickens. The bars 
represent the average BB ratio and error bars denote the standard deviation. The BB 
ratio with a different letter indicates a significant difference among groups at P < 0.05 
level. 
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DISCUSSION 
The results from this study demonstrated that neither vaccine nor STC strain of IBDV 
induced suppression of i-IEL response to T cell mitogens. The EBDV has been shown to deplete 
the lymphocytes within the bursa of Fabricius, thymus, spleen and peripheral blood, and induce 
suppression of humoral and CMI responses (22, 25, 26). However, i-EEL are a unique 
population of intestinal lymphocytes which differ in their pattern of receptor expression, 
flinctional activities, and developmental origin from T cells in other lymphoid compartments (13, 
23). Furthermore, i-IEL are located between epithelial cells lining the villi of the intestinal tract 
where they are exposed to intestinal contents. Therefore, the unique properties of i-IEL and 
their exposure to the gut environment may have influenced the i-IEL response to T cell 
mitogens in IBDV-inoculated chickens. A soluble factor released by macrophage-like 
suppressor cells has been reported to be responsible for mitogenic hyporesponsiveness of T cells 
in IBDV-infected chickens (24, 25). Since i-IEL are mainly T cells which are predominantly 
CD3"^, CD4", CDS"^, y6 TCR"^ T cells (3, 10, 20), absence of macrophage-like suppressor cells 
and their soluble products from the i-IEL population may have spared the i-IEL from 
immunosuppressive effects of IBDV. The i-IEL did not respond to the B cell mitogen, LPS. 
Since i-IEL are predominantly T cells, their response to LPS was not expected. 
Although IBDV primarily effects B lymphocytes, its immunosuppressive effect on 
peripheral T cells has also been reported (5, 6, 12, 25, 27). In the current study, the 
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immunosuppressive effect of IBDV on T cell response was observed with Con A but not with 
PHA-P. Results from this study suggest a lower T cell response in IBDV infected chickens. 
However, due to variation in results obtained from two trails, the immunosuppressive effect of 
IBDV on T cell response was considered to be inconclusive. Further studies may be required 
to determine the immunosuppressive effects of IBDV on T cell response. 
The STC strain of IBDV induced a significant suppression of B cell response in PBL as 
early as 3 days PI. The vaccine strain also induced immunosuppression in B cell response. 
However, the immunosuppressive effect of the STC strain of IBDV was greater than the vaccine 
strain of IBDV. 
Traditionally, a BB index technique has been used to evaluate the immunosuppressive 
effect of IBDV. A BB index lower than 0.70 has been considered as an indication of bursal 
atrophy (15). In the current study, the mean BB index of the vaccine and the STC group were 
0.85 and 0.53 respectively. Although the BB index of the vaccine group was lower than the 
control group, the bursal atrophy v/as not considered as significant by the BB index technique. 
However, in this study, the statistical analysis of the data revealed a significant bursal atrophy 
in both vaccine and STC group. The bursal atrophy was significantly greater in STC group than 
the vaccine group. Similar results were also observed with the blastogenesis assay using whole 
blood and a B cell mitogen, LPS. A significant depression in mitogenic response in PBL to LPS 
was observed in both vaccine and STC groups at 3 days PI. The PBL response was significantly 
lower in STC group than the vaccine group. The results from the whole blood blastogenesis 
assay and BB ratio suggest that the whole blood blastogenesis assay may be very useful in 
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determining the immunosuppressive effects of IBDV. This assay may also have the potential to 
evaluate more accurately new and/or variant strains of IBDV which may not cause appreciable 
bursal lesions and/or atrophy. Since this procedure only requires a very small amount of blood, 
the immunosuppression caused by IBDV can be followed over a period of time in the same 
group of birds without sacrificing individual birds. Thus, information such as the time of onset 
and recovery from the IBDV inflicted immunosuppression may be obtained by using the same 
birds. The BB ratio reflects the size of the bursa of Fabricius which may or may not indicate 
the fianctional level of the immune reactivity. However, the whole blood blastogenesis assay 
measures the lymphoproliferative responses of B and T cells which has been shown to correlate 
with the functional responses of lymphocytes (28). Important advantages of the BB ratio 
method, however, are that it does not require a high level of technical expertise and 
sophisticated equipment is not needed. These aspects make the BB ratio method an easily 
applied method for field conditions. 
The stimulation index of PBL to both T cell mitogens (Con A and PHA-P) in 
uninoculated control chickens was significantly lower on 3 and 5 days PI than the mitogenic 
response on 0 day PI. The birds used in this study were hatched from SPF eggs and raised in 
a facility designed to maintain SPF status. The birds were transferred to the experimental 
housing on the day of the trial and each group was housed separately. Necessary measures were 
taken to avoid any contamination among three groups. Blood samples for blastogenesis assay 
were collected on 0, 3 and 5 days PI. The stress caused by a change in environment and frequent 
handling of birds to collect blood samples, may be a possible reason for the lower SI. Therefore, 
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measures may need to be taken to minimize such stress induced on birds. 
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APPENDIX: DATA AND ANALYSES 
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Table 1. Mitogenic responses of intestinal intraepithelial lymphocytes (i-EEL) to Con A at 
5 days post infection (PI) in uninfected control, vaccine and STC groups of 
chickens. A total of two trials were conducted to study the effects of IBDV 
on i-IEL and peripheral blood lymphocytes (PBL) of chickens. The values 
represent the average stimulation index (SI) for each trial calculated by using 
the formula defined in the experimental design section. Mean SI values for each 
group with different superscripts indicate significant difference at P < 0.05 level. 
Groups 
Control Vaccine STC 
Trial 1 1.715" 1.220" 1.315' 
Trial 2 1.280'' 1.095" 1.415' 
Average 1.497" 1.160" 1.365' 
Standard Deviation 0.217 0.062 0.050 
Table 2. Analysis of Variance table for data on mitogenic response of i-IEL to Con A in 
3 groups of chickens. 
Source Degree of Sum of Mean F Prob. 
Freedom Square Square Value > P 
Trial 1 0.070533 0.070533 0.23 0.6498 
Group 2 0.234950 0.117475 0.38 0.6992 
Trial* Group 2 0.144316 0.072158 0.23 0.7987 
Error 6 1.855000 0.309166 
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Table 3. Mitogenic responses of i-EL to PHA-P at 5 days PI in uninfected control, vaccine 
and STC groups of chickens. The values represent the average stimulation index 
(SI) for each trial calculated by using the formula defined in the experimental 
design section. Mean SI values for each group with different superscripts indicate 
significant difference at P < 0.05 level. 
Groups 
Control Vaccine STC 
Trial 1 1.185" 0.850" 1.065" 
Trial 2 1.355" 0.945" 1.030" 
Average 1.270" 0.900"-'' 1.047" 
Standard Deviation 0.085 0.047 0.017 
Table 4. Analysis of Variance table for data on mitogenic response of i-IEL to PHA-P in 
3 grops of chickens. 
Source Degree of Sum of Mean F Prob. 
Freedom Square Square Value > P 
Trial 1 0.017633 0.017633 0.10 0.7612 
Group 2 0.281016 0.140508 0.81 0.4897 
Trial * Group 2 0.021516 0.010758 0.06 0.9407 
Error 6 1.046000 0.174333 
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Table 5. Mitogenic responses of i-IEL to LPS at 5 days PI in uninfected control, vaccine 
and STC groups of chickens. The values represent the average stimulation index 
(SI) for each trial calculated by using the formula defined in the experimental 
design section. Mean SI values for each group with different superscripts indicate 
significant difference at P < 0.05 level. 
Groups 
Control Vaccine STC 
Trial 1 0.090'' 0.070'' 0.065' 
Trial 2 0.085'' 0.065" 0.050' 
Average 0.088" 0.068" 0.058' 
Standard Deviation 0.002 0.002 0.007 
Table 6. Analysis of Variance table for data on mitogenic response of i-IEL to LPS in 3 
groups of chickens 
Source Degree of Sum of Mean F Prob. 
Freedom Square Square Value > P 
Trial 1 0.000208 0.000208 0.02 0.8853 
Group 2 0.001866 0.000933 0.10 0.9050 
Trial * Group 2 0.000066 0.000033 0.00 0.9964 
Error 6 0.055150 0.009I9I 
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Table 7. Mitogenic response of peripheral blood lymphocytes (PBL) to Con A at 0, 3, and 
5 days PI in uninfected control, vaccine and STC groups of chickens. The values 
represent the average stimulation index (SI) for each trial calculated by using 
the formula defined in the experimental design section. Mean SI values for each 
days PI with different superscripts indicate significant difference at P < 0.05 level. 
Stimulation Index (SI) 
Days PI Control Vaccine STC 
0 1.375*' 1.667"-'' o\
 
C
O
 to
 
Trial 1 3 0.831" 0.412*' 0.224*' 
5 0.705" 0.736" 0.897" 
0 1.816' 1.687" 1.809" 
Trial 2 3 1.348" 0.842*' 0.734*' 
5 0.953" 0.716" 0.450*' 
0 1,595" 1.677" 1.788" 
Average of 3 1.089" 0.627*' 0.479' 
Trials 1 and 2 
5 0.829" 0.726" 0.673" 
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Table 8. Mitogenic response of PBL to PHA-P at 0, 3, and 5 days PI in uninfected control, 
vaccine and STC groups of chickens. The values represent the average stimulation 
index (SI) for each trial calculated by using the formula defined in the experimental 
design section. Mean SI values for each days PI with different superscripts indicate 
significant difference at P < 0.05 level. 
Stimulation Index (SI) 
Days PI Control Vaccine STC 
0 1.027*' 1.165'' 1.783" 
Trial 1 3 0.750" 0.317*' 0.219*' 
5 0.743" 0.830" 0.840" 
0 1.244" 1.093" 1.310" 
Trial 2 3 1.054" 0.498*' 0.915" 
5 0.797" 0.481*' 0.255*' 
0 1.135" 1.129" 1.546" 
Average of 3 0.902" 0.407" 0.567" 
Trials 1 and 2 
5 0.770" 0.655" 0.547" 
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Table 9. Mitogenic response of PBL to LPS at 0, 3, and 5 days PI in uninfected control, 
vaccine and STC groups of chickens. The values represent the average stimulation 
index (SI) for each trial calculated by using the formula defined in the experimental 
design section. Mean SI values for each days PI with different superscripts 
indicate significant difference at P < 0.05 level. 
Stimulation Index (SI) 
Days PI Control Vaccine STC 
0 0.517'' 0.436^ 0.540® 
Trial! 3 0.516" 0.342*' 0.167'= 
5 0.603'' 0.502"-'' 0.310*' 
0 0.652" 0.659" 0.567" 
Trial 2 3 0.805" 0.549"'*' 0.362*' 
5 0.496" 0.268*' 0.144*' 
0 0.585" 0.548" 0.554" 
Average of 3 0.660" 0.445*' 0.265'' 
Trials 1 and 2 
5 0.549" 0.385"-*' 0.227*' 
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Table 10. Analysis of Variance table for data on mitogenic response of PBL to Con A, PHA-P 
and LPS at 0 day PI in 3 groups of chickens. 
Source 
Dgree of Sum of 
Freedom Square 
Con A: 
Trial 
Group 
Trial * Group 
Error 
PHA-P: 
Trial 
Group 
Trial * Group 
Error 
LPS: 
Trial 
Group 
Trial * Group 
Error 
0.42000667 
0.37549000 
0.56280333 
54 5.51556000 
0.17930667 
2.28846333 
1.20070333 
54 10.58632000 
0.24704167 
0.01577333 
0.09637333 
54 1.77431000 
Mean 
Square 
F 
Value 
Prob. 
>F 
0.42000667 
0.18774500 
0.28140167 
0.10214000 
4.11 
1.84 
2.76 
0.0475 
0.1689 
0.0726 
0.17930667 
1.14423167 
0.60035167 
0.19604296 
0.91 
5.84 
3.06 
0.3432 
0.0051 
0.0550 
0.24704167 
0.00788667 
0.04818667 
0.03285759 
7.52 
0.24 
1.47 
0.0083 
0.7874 
0.2398 
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Table 11. Analysis of Variance table for data on mitogenic response of PBL to Con A, PHA-P 
and LPS at 3 days PI in 3 groups of chickens. 
Source 
Dgree of Sum of 
Freedom Square 
Con A: 
Trial 
Group 
Trial * Group 
Error 
PHA-P: 
Trial 
Group 
Trial * Group 
Error 
LPS: 
Trial 
Group 
Trial * Group 
Error 
54 
1 
2 
2 
54 
54 
3.53808167 
4.05680333 
0.02336333 
6.85645000 
2.32460167 
2.54797000 
0.72336333 
5.25035000 
0.79580167 
1.57201333 
0.02617333 
2.79771000 
Mean 
Square 
F 
Value 
Prob. 
>F 
3.53808167 
2.02840167 
0.01168167 
0.12697130 
27.87 
15.98 
0.09 
0.0001 
0.0001 
0.9122 
2.32460167 
1.27398500 
0.36168167 
0.09722870 
23.91 
13.10 
3.72 
0.0001 
0.0001 
0.3070 
0.79580167 
0.78600066 
0.01308667 
0.05180944 
15.36 
15.17 
0.25 
0.0003 
0.0001 
0.7777 
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Table 12. Analysis of Variance table for data on mitogenic response of PBL to Con A, PHA-P 
and LPS at 5 days PI in 3 groups of chickens. 
Source 
Dgree of Sum of 
Freedom Square 
Con A: 
Trial 1 
Group 2 
Trial * Group 2 
Error 53 
PHA-P: 
Trial 1 
Group 2 
Trial * Group 2 
Error 53 
LPS: 
Trial 1 
Group 2 
Trial * Group 2 
Error 53 
0.06070275 
0.21979759 
1.19116321 
6.05715000 
1.19212774 
0.44910908 
1,01969537 
4.67573222 
0.39366107 
1.01283716 
0.04040108 
2.00099222 
Mean 
Square 
F 
Value 
Prob. 
>F 
0.06070275 
0.10989880 
0.59558161 
0.11428585 
0.53 
0.96 
5.21 
0.4693 
0.3888 
0.0086 
1.19212774 
0.22455454 
0.50984768 
0.08822136 
13.51 
2.55 
5.78 
0.0006 
0.0880 
0.0054 
0.39366107 
0.50641858 
0.02020054 
0.03775457 
10.43 
13.41 
0.54 
0.0021 
0.0001 
0.5888 
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Table 13. Mitogenic response of peripheral blood lymphocytes (PBL) to Con A, PHA-P and 
LPS at 0, 3, and 5 days PI in uninfected control, vaccine and STC groups of 
chickens. The values represent the average stimulation index (SI) of two trials. Mean 
SI values for each group with different superscripts indicate significant difference 
at P < 0.05 level. 
Stimulation Index (SI) 
Days PI Control Vaccine STC 
0 LSgS"" 1.677" 1.788'' 
Average SI 
of two trials 3 1.089'' 0.627*' 0.479*' 
for Con A 
5 0.829'' 0.726*' 0.673*' 
0 1.135® 1.129' 1.546® 
Average SI 
of two trials 3 0.902*' 0.407' 0.567*' 
for PHA-P 
5 0.770*" 0.655*" 0.547*' 
0 0.585® 0.548® 0.554® 
Average SI 
of two trials 3 0,660® 0.445®*" .265b'' 
for LPS 
5 0.549® 0.385*' 0.227*' 
137 
Table 14. Bursa weight to body weight (BB) ratio was determine at 5 days PI in 3 groups of 
chickens. The BB ratio was calculated by the formula: (bursa weight)/(body weight) 
X 100. Duncan multiple range test was used to determine the differences in BB 
ratios among contol, vaccine and STC groups. The average BB ratio with different 
superscript indicate a significant difference at P < 0.05 level. 
BB Ratio 
Control Vaccine STC 
Bird 
Number Trial 1 Trial 2 Trial 1 Trial 2 Trial 1 Trial 2 
1 0.72 0.58 0.27 0.54 0.22 0.18 
2 0.68 0.51 0.58 0.35 0.28 0.28 
3 0.54 0.51 0.34 0.39 0.34 0.40 
4 0.45 0.55 0.68 0.54 0.20 0.20 
5 0.47 0.39 0.35 0.86 0.31 0.35 
6 0.45 0.44 0.48 0.40 0.29 0.30 
7. 0.66 0.73 0.38 0.32 0.37 0.21 
8 0.53 0.48 0.56 0.32 0.41 0.20 
9 0.51 0.46 0.48 0.44 0.32 a 
10 0.46 0.49 0.39 0.38 0.30 0.23 
Average 
BB Ratio 0.547 0.514 0.451 0,451 0.304 0.261 
Std. Dev. 0.097 0.088 0.121 0.154 0,059 0.026 
Average 
BB Ratio of 
of Trial 1 & 2 0.530^ 0.452'' 0.283'' 
^ Bird number 9 of STC group in Trial 2 died at 4 days PI. 
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Table 15. Analysis of Variance table for data on BB ratio in 3 groups of chickens. 
Source Degree of Sum of Mean F Prob. 
Freedom Square Square Value >P 
Trial 1 0.005420 0.005420 0.45 0.5060 
Group 2 0.620195 0.310097 25.66 0.0001 
Trial * Group 2 0.005740 0.002870 0.24 0.7894 
Bird (Trial * Group) 53 0.640508 0.012085 
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GENERAL SUMMARY 
The gut-associated lymphoid tissue (GALT) in chickens include the bursa of Fabricius, 
cecal tonsils, Peyer's patches, Meckel's diverticulum, and large number of lymphocytes in the 
epithelium (intestinal intraepithelial lymphocytes) and lamina propria (lamina propria 
lymphocytes). Intestinal intraepithelial lymphocytes (i-IEL) are unique populations of intestinal 
lymphocytes, usually found along the basement membrane of small intestines (Schat and Myers, 
1991). Although i-IEL are anatomically positioned to be the first line of cellular defense against 
enteric pathogens, the true functions of 76 i-IEL are not fully understood. Cell-mediated 
responses such as cytotoxic (Ernst etal, 1986; Goodman and Lefrancois, 1988; Viney etal, 
1990), natural killer (NK) ( Chai and Lillehoj, 1988; Petit et al., 1985; ), antibacterial 
(Lefrancois and Goodman, 1989), mucosal immunosurveillance (Janeway et al, 1988), and 
immunoregulatory (Fujihashi et al., 1990) activities of i-IEL have been suggested. 
Although there are numerous reports on the NK cell activities of chicken i-IEL (Lillehoj 
1989; Chai and Lillehoj 1988; Myers and Schat 1990), reports on the lymphoproliferative 
response of chicken i-IEL, which is considered to be a measurement of T cell activity, have been 
very limited (Amaud-Battendier et al, 1980). There have been no reported studies on the cell-
mediated immune (CMI) response of i-IEL in turkeys. While lymphoproliferative assays using 
peripheral blood lymphocytes (PBL) provides information on systemic CMI responses, 
lymphoproliferative assays using i-IEL can also provide information on local CMI response of 
the intestinal tract. Since development of the CMI response in the intestinal tract is very 
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important in birds (Chai and Lillehoj, 1988; McGhee et al., 1992), the study and 
characterization of the intestinal CMI response may prove useful in better understanding the 
immune response to oral vaccines and enteric infection. 
In the first study, a colorimetric assay employing MTT, (3-[4,5-Dimethylthiazole-2-yl], 
2-5-diphenyltetrazolium bromide), was used to determine the mitogenic response of i-IEL of 
chickens to T and B cell mitogens. Comparisons between mitogenic responses of i-IEL and PBL 
were made to examine potential relationships. The results from this study indicated that T cell 
mitogens, concanavalin A (Con A) and phytohemagglutinin-P (PHA-P), induced mitogenic 
stimulation in i-IEL. Although stimulation index (SI) of both i-IEL and PBL were roughly 
similar, the optical densities (OD) of i-IEL cultures containing Con A or PHA-P were 20-50 
fold lower than the OD of PBL cultures containing the same mitogen. The lower conversion of 
MTT to formazan resuUing into lower OD in i-IEL cultures indicated a lower level of cellular 
activity in the i-IEL than in the PBL. Lipopolysaccharide (LPS) induced a mitogenic response 
in PBL, but was unable to induce a mitogenic response in i-IEL. This was attributed to the lack 
of B cells in the i-IEL population. 
The mitogenic response of both i-IEL and PBL to Con A and PHA-P was found to be 
dose-dependent. The mitogenic response of PBL to LPS at the concentration employed did not 
seem to be dose-dependent. The responsive concentration of Con A for i-IEL was within the 
range of25-50 ng/ml, whereas the responsive concentration of PHA-P for i-IEL was 50 ^g/ml. 
Three days of incubation was adequate to induce a significant (P < 0.05) mitogenic response for 
both T cell mitogens. Although not all findings concerning the mitogenic response of i-IEL to 
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T cell mitogens have been in agreement (Amaud-Battendier et al., 1980; Sydora et al. 1993), 
results from this study indicated that T cell mitogens. Con A and PHA-P, induce mitogenic 
response in chicken i-IEL. 
In the current study, whole blood was used as the source of PBL and comparisons 
between i-IEL and PBL responses were made. The whole blood blastogenesis assay has several 
advantages over the purified lymphocyte technique, including the requirement for small volume 
of blood and no lymphocyte purification process is needed. Purification of lymphocytes is a 
laborious and time consuming procedure. Retention of all the components of blood in their 
natural proportion is another benefit of the whole blood blastogenesis assay. The culture 
medium for whole blood does not require supplementation with FES. 
As this in vitro assay employed a tetrazolium dye, MTT, the problems associated with 
scintillation method of lymphocyte proliferation, such as special handling and disposal of 
radioactive materials and requirement of expensive equipment to measure the radioactivity 
incorporated into the cells, can be avoided. In this assay, a spectrophotometer (ELISA reader) 
was used to measure the absorbencies. In this study, advantages of the nonradioactive, 
colorimetric MTT assay and the whole blood technique were employed which were found to 
be usefijl in evaluating and comparing the mitogenic responses of lymphocytes isolated from 
local (i-IEL) and peripheral (PBL) sources. This technique may prove useful in evaluating and 
studying the role of i-IEL in local CMI response of the GI tract. 
In the second study, a comparative analysis of mitogenic responsiveness of turkey i-IEL 
to Con A, PHA-P and LPS were made in 8 age groups of turkeys using the colorimetric 
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blastogenic microassay. Comparisons were also made between mitogenic responses of turkey 
i-IEL and PBL. The results from this study demonstrated that i-IEL and PBL of turkeys 
responded to T cell mitogens, Con A and PHA-P, in every age group examined. The LPS 
induced a significant mitogenic response in PBL but not in i-IEL of turkeys. The mitogenic 
response of turkey i-IEL and PBL to the three mitogens examined were similar to mitogenic 
responses observed in the first study performed by using chicken i-IEL and PBL. As in chickens, 
the OD of i-IEL cultures containing Con A or PHA-P were 20-50 fold lower than the OD of 
PBL cultures containing the same mitogen indicating a lower level of cellular activity in the i-
lEL than in the PBL. Differences in concentrations of mitogens required to induce maximum 
response in different age groups were observed. However, a concentration of each mitogen was 
identified which was able to induce mitogenic response in i-IEL and PBL at any age. The 
results fi-om this study indicated that a concentration of 25 |ig/ml of either Con A or PHA-P for 
i-IEL and a concentration of 50 |ig/ml of either Con A or PHA-P for PBL induced a mitogenic 
response. Similarly, 1 ng/ml of LPS induced mitogenic response in turkey PBL. 
The results fi-om this study revealed some differences in mitogenic responses of both i-
lEL and PBL among different age groups. There was an increase in mitogenic response of i-IEL 
to both T cell mitogens from 3-day of age to 1-week of age. In contrast, there was a significant 
decline in mitogenic response of PBL to all 3 mitogens from 1-day of age to 3-days of age. Age 
related changes in the composition of T lymphocyte subpopulation in the intestinal epithelial has 
been reported (Lillehoj and Chung 1992). The exact reason for the increase in mitogenic 
response of i-IEL after 1-day of age is not clear. Age-associated maturation in T lymphocyte 
143 
and their exposure to luminal antigens in the GI tract may have played a role in higher i-IEL 
response. The reason for decline in the mitogenic response of PBL after 1-day of age was not 
clear. The highest mitogenic response of i-IEL to both Con A and PHA-P was observed at 1-
week of age. The highest mitogenic response of PBL to both T cell mitogens was observed at 
1-day of age and highest PBL response to LPS was observed at 16-weeks of age. The mitogenic 
response induced by PHA-P provided less variability between age groups than the mitogenic 
response induced by Con A. 
Enteric diseases are very common in turkeys and cause a significant economic loss to 
the poultry industry. Development of humoral and cell-mediated immune responses in the 
intestinal tract have been considered to be very important in preventing enteric diseases. This 
is the first reported study on the lymphoproliferative response of intestinal lymphocytes of 
turkeys. The information obtained from this study may provide a basis to evaluate and study the 
local CMI response in the intestinal tract of turkeys. 
Infectious bursal disease (IBD) is a highly contagious immunosuppressive disease of 
chickens. IBD virus (IBDV) has been shown to affect the humoral and systemic CMI responses 
(Allan e/a/., 1984; Confer e/a/. 1981; Faraghere/a/., 1974; Panigrahy e/a/. 1982; Sivanandan 
and Maheswaran, 1981). Studies in bursectomized and nonbursectomized chickens revealed that 
following oral inoculation, initial viral replication occurs in the GALT (Kaufer and Weiss, 1980). 
IBDV has been detected in the lymphoid cells and macrophages of the intestine within 4-5 hours 
after oral exposure (Muller, 1986; Muller ei «/., 1979). Although immunosuppressive effects 
of IBDV on humoral and systemic CMI response have been studied, there have been no 
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reported studies on the immunosuppressive effects of IBDV on lymphocytes of the GI tract. 
In the third study, the MTT colorimetric assay was employed to examine the 
immunosuppressive eflFects induced by IBDV on the local intestinal lymphocytes. The objectives 
of this study were to determine whether IBDV suppresses the mitogenic response of i-IEL and 
to examine potential relationships between mitogenic response of i-IEL, PBL and bursa-weight 
to body-weight (BB) ratio. The effects of a highly pathogenic challenge strain and a vaccine 
strain of IBDV were also compared. Two trials were conducted to study the 
immunosuppressive eflFects of IBDV on i-IEL and PBL of chickens. Groups of 10, 3-week-old 
SPF chickens were inoculated with either a commercial IBD vaccine or the standard challenge 
(STC) strain of IBDV. Another group of 10 birds from the same hatch was left uninoculated 
as negative controls. The mitogenic reactivity of PBL to T (Con-A and PKLA-P) and B (LPS) 
cell mitogens was examined at days 0, 3 and 5 post-inoculation (PI). The mitogenic reactivity 
of i-IEL to T and B cell mitogens and BB ratio were evaluated at day 5 PI. 
The results from this study demonstrated that neither vaccine nor STC strain of IBDV 
induced suppression of i-IEL response to T cell mitogens. The IBDV has been shown to deplete 
the lymphocytes within the bursa of Fabricius, thymus, spleen and peripheral blood, and induce 
suppression of humoral and CMI responses (Rodenberg et al., 1994; Sharma and Lee, 1983; 
Sivanandan and Maheswaran, 1980). However, i-IEL are a unique population of intestinal 
lymphocytes which differ in their pattern of receptor expression, functional activities, and 
developmental origin from T cells in other lymphoid compartments (Lefrancois, 1991; Schat and 
Myers, 1991). Furthermore, i-IEL are located between epithelial cells lining the villi of the 
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intestinal tract where they are exposed to intestinal contents. Therefore, the unique properties 
of i-IEL and their exposure to the gut environment may have influenced the i-EEL response to 
T cell mitogens in IBDV-inoculated chickens. A soluble factor released by macrophage-like 
suppressor cells has been reported to be responsible for mitogenic hyporesponsiveness of T cells 
in IBDV-infected chickens (Sharma and Fredericksen, 1987; Sharma and Lee, 1983). Since i-
lEL are mainly T cells which are predominantly CD3^, CD4", CDS"^, 76 TCR^ T cells (Bucy 
et al., 1988; Goodman and Lefrancois, 1988; Pabst, 1987), absence of macrophage-like 
suppressor cells and their soluble products from the i-IEL population may have spared the i-
lEL from immunosuppressive effects of BDV. The i-IEL did not respond to the B cell mitogen, 
LPS. Since i-IEL are predominantly T cells, their response to LPS was not expected. 
Although IBDV primarily effects B lymphocytes, its immunosuppressive effect on 
peripheral T cells has also been reported (Cloud et al., 1992; Confer et al., 1981; Lam, 1991; 
Sharma and Lee, 1983; Sivanandan and Maheswaran, 1981). In the current study, the 
immunosuppressive effect of IBDV on T cell response was observed with Con A but not with 
PHA-P. Results from this study suggest a lower T cell response in IBDV infected chickens. 
However, due to variation in results obtained from two trails, the immunosuppressive effect of 
IBDV on T cell response was considered to be inconclusive. Further studies may be required 
to determine the immunosuppressive effects of IBDV on T cell response. 
The STC strain of IBDV induced a significant suppression of B cell response in PBL as 
early as 3 days PI. The vaccine strain also induced immunosuppression in B cell response. 
However, the immunosuppressive effect of the STC strain of IBDV was greater than the vaccine 
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strain of IBDV. 
Traditionally, a BB index technique has been used to evaluate the immunosuppressive 
effect of IBDV. ABB index lower than 0.70 has been considered as an indication of the bursal 
atrophy (15). In the current study, the mean BB index of the vaccine and the STC group were 
0.85 and 0.53 respectively. Although the BB index of the vaccine group was lower than the 
control group, the bursal atrophy was not considered as significant by the BB index technique. 
However, in this study, the statistical analysis of the data revealed a significant bursal atrophy 
in both vaccine and STC group. The bursal atrophy was significantly greater in STC group than 
the vaccine group. Similar results were also observed with the blastogenesis assay using whole 
blood and a B cell mitogen, LPS. A significant depression in mitogenic response in PEL to LPS 
was observed in both vaccine and STC groups at 3 days PI. The PBL response was significantly 
lower in STC group than the vaccine group. 
The results from the whole blood blastogenesis assay and BB ratio suggest that whole 
blood blastogenesis assay may be very usefijl in determining the immunosuppressive effects of 
IBDV. This assay may also have the potential to evaluate more accurately new and/or variant 
strains of IBDV which may not cause appreciable bursal lesions and/or atrophy. As this 
procedure requires a small amount of blood, the immunosuppression caused by IBDV can be 
followed over a period of time in the same group of birds without sacrificing individual birds. 
Thus, information such as the time of onset and recovery from the IBDV inflicted 
immunosuppression may be obtained by using the same birds. The BB ratio reflects the size of 
the bursa of Fabricius which may or may not indicate the fijnctional level of the immune 
reactivity. However, the whole blood blastogenesis assay measures the lymphoproliferative 
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responses of B and T cells which has been shown to correlate with the functional responses of 
lymphocytes (Timm, 1979). 
In conclusion, a colorimetric assay was developed to evaluate the mitogenic response 
of i-IEL of chickens. The assays was also applied successfully to compare the mitogenic 
response of i-IEL in various age groups of turkeys. The comparisons between i-IEL response 
and PBL response in chickens and turkeys were also made. The MTT colorimetric assay was 
employed to evaluate the immunosuppressive effects of a highly pathogenic challenge strain and 
a vaccine strain of IBDV in chickens. The knowledge gained from this study may contribute to 
the understanding of the i-IEL of chickens and turkeys. 
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